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PREFACE. 


I  TBU8T  that  this  new  edition  of  my  book  may  meet  with  the  same 
kin«l  and  lenient  treatment  so  generously  accorded  to  its  predecessor, 
and  that  my  endeaToor  to  bring  the  history  of  submarine  warfare  up 
to  date  may  prove  of  some  nse  to  those  who  are  interested  in  this 
snbjt-ct,  but  ti>  whom  the  more  valuable  official  publications  are  sealed 
U«»k4. 

I  l*eg  to  tender  my  best  thanks  to  all  from  whom  I  have  obtained 
infi»miation,  or  who  have  otherwise  aided  me  in  my  work,  among 
nhom  I  may  mention  the  following : — 

Messrs.  Siemens  Bros.,  Mr.  Gray  (Silvertown  Telegraph  Works 
i '•..»,  Mr.  Gibbons  (Messrs.  Latimer  Clark,  Muirhead  and  Co.),  Capt. 
i\  A.  M«;Evoy,  Mr.  Th.  Nordenfelt,  Mr.  Yarrow,  Capt.  J.  A.  Howell, 
r.S.X.,  3Ir.  J.  P.  Holland,  Mons.  6.  Canet  (Forges  et  Chantiers  de  la 
Mt-«literranee),  Electrical  Power  Storage  Co.,  General  Berdan,  Mons. 
August  in  Normand,  and  Mons.  F.  Schibau. 

C.  SLEEMAN. 

I»XIK>N,  Ja5.  1889. 


LIST  OF  PKINCIPAL  BOOKS,  &c.,  CONSULTED. 


"  Report  upon  Experiments  and  Livestigations  in  connection  with 
Sub-Aqueous  Explosions,  Electrical  Fuzes,  and  Igniting  Apparatus." — 
General  H.  L.  Abbot,  U.S.A.  (1881). 

"  Submarine  Mining." — Colonel  Bucknill,  R.E.  (Rot*^),  Engineering 
(1887-8). 

"  Torpedoes  on  Shipboard  and  in  Boats." — By  C.  Ciiabaud- Arnault, 
Capitaine  de  Frigate  M.F.  Translated  by  W.  Bainbridge-Hoff,  Com- 
mander U.S.N.  (^The  A.  and  N.  Quarterly,  U.S.,  January  1885). 

"  The  Torpedo  Scare." — By  the  late  Hobart  Pacha  {Blackwood^ 
June  1886). 

"  Torpedoes  for  National  Defence." — W.  H.  Jaques,  Lieut.  U.S.N. 

«  The  Autobiography  of  a  Whitehead  Torpedo."— By  "  Guns."  (Re- 
print from  Engineering.) 

"  The  Use  of  Torpedoes  in  War."— By  Commander  E.  P.  Gallwey,  R.N. 
(Lecture,  R.U.S.  Institution,  March  1885.) 

"  Lecture  on  the  Whitehead  Torpedo." — By  Lieut.  F.  M.  Barber,  U.S.N. 
(1876.) 

"  Lecture  on  Moveable  Torpedoes." — Same  Author.    (1874.) 

"  Torpedo  Boats." — ^By  John  Donaldson,  M.LC.E.  (Messrs.  Thomycroft 
and  Co.).    (1882.) 

"Torpedo  Boats." — By  J.  I.  Thornycroft,  M.I.C.E.  (Paper  read  at 
the  Institute  of  Civil  Engineers,  May  1881.) 

"  Sea-going  Torpedo  Boats." — By  Mons.  J.  A.  Normand,  M.I.N.A. 
(Paper  read  at  Institute  of  Naval  Architecta,  March  1883.) 

"  Modem  Naval  Tactics." — By  Commander  W.  Bainbridgb-Hoff,  U.S.N. 
(1885.) 

"Torpedo  Boats."— By  A.  P.  Yarrow,  M.I.C.E.,  M.LN.A.  (Lecture 
read  at  B.U.S.  Institution,  May  1884.) 

"  General  Information  Series,"  Nos.  IV.,  V.,  and  VI. — Published  by  the 
Office  of  Naval  Intelligence  (U.S.).    (Library  R.U.S.  Institution.) 

"  The  Development  of  Modem  Torpedoes." — By  Lieut.  Sbaton  Schroeder, 
U.S.N.    (G.  L  Series,  No.  VL  1887.) 

"  The  Development  of  the  Modem  Torpedo  Boat." — By  Same.  (G.  I. 
Series,  No.  V.  1886.) 

"A  Study  of  Torpedo  Boats." — By  Mons.  J.  A.  Normand,  of  Havre. 
(G.  L  Series,  No.  V.  1886.) 

"  Notes  on  Defence  by  Submarine  Mines." — By  Major  R.  Stotherd,  R.E. 
(Second  Edition  (1873),  British  Museum.) 

"  Art  Militaire  sous  Aquatique." — By  Major  H.  de  Sarrepont.     (1883.) 

"  Submarine  Boats."— By  Lieut.  G.  W.  Hovoaard,  R.D.N.    (1887.) 


CONTENTS. 


PAG  I 


«  «  • 


rtur  Art .  ............        Ill 

Intbodl'ctobt  Chapteb 1 

SECTION  I. 
The  Defence  of  Uabboubs  by  Submarine  Mines. 

CHAPTER  L 
Gcoerml  Remarks 21 

CHAPTER  II. 
DeKiipiioo  of  Sclf-actiBg  Mines 32 

CHAPTER  lir. 
IXscn|*tion  of  Controlled  Mines 43 

CHAPTER  IV. 
Gcucrmtiog  Machines  and  Electrical  Measuring  Instruments  .    '    .         .75 

CHAPTER  V. 
Dircctire  Apfiaratus  ...........     103 

CHAPTER  VI. 
TtaiUu^ 117 

CUAPl'ER  VII. 
GtuermX  PhDcipleB  of  Submarine  Defence  136 


vi  Contents. 


SECTION    11. 
Torpedoes. 

CHAPTER  I. 

I'AOB 

Uncoutrollablo  Tori)edoes — Projectile — Rocket — Drifting  .         .         .         .157 

CHAPTER  II. 

Uucontrollablo  Torpedoes  (continued) — Whitehead — Schwartzkoi)ff  .         .         .170 

•CHAPTER  III. 

Uncontrollable  Torpedoes  (continued) — Howell — Hall— Peck — Paulson— McEvoy    209 

CHAPTER  IV. 
Controllable  Torpedoes— Spar— Towing— Dirigible 224 

CHAPTER  V. 

Controllable    Torpedoes    (con  tin ueci)  —Sims-Edison — Breonan—  Lay — Patrick — 

Nordenfelt 231 


SECTION    III. 
Torpedo  Boats. 

CHAPTER  I. 
Surface  Tori)odo  Boats        .  261 

CHAPTER  XL 
Bubmtriuo  Tor|H}do  Boats 288 


Ap|ioudix 309 

Hyiiu|Hilii  ul*  KviUitH 330 

ludux 339 


LIST    OF    PLATES. 


■•o^ 


A  Minx  Exflobion 


L  SRLr-ACTiHO  Mechanical  Mines 
.  II.  Ditto  Ditto 

•III.  Ditto  Ditto 

•  IV.  Ditto  Ditto 
'  Y.  Spbebical  Mine  Cases    . 
VI.  Mine  Cases    . 

•  VII.  Matbieson's  Cibcuit  Closer 
.  VIII.  GiBBiNs*  Cibcuit  Closes  . 

•  IX.  Chatham       Ditto 
X.  McEvot's       Ditto 
'  XL  Electrical  Mine  Fuzes. 
-  XII.  Submarine  Mine  Cables 

XI I I.  Ditto      Cable  Joints 

XIV.  Junction  Boxes 

•  XV.  r^uBMARiNE  3I1NE  Mooring 

•  XVI.  Dynamo  Electro  Exploder 

XV II.  Ditto  Ditto 
>^VII1.  V.»ltaic  Firing  Batteries 

XIX.  BuAT  Firing  Battery     . 

XX.  Vmi.taic  ('kli> 
XXI.  Umvkrsal  Galvanometer 
XXII.  Elk«tui<'al  Measuring  Instrument 

XXI II.  Pitto      Apparatus 

XXIV.  Whkat>t<)nk'h  Balance 
■  XXV.  Shuiter  Apparatus 

XXVI.   MrEvOY's  SUCTTER 

CXVII.  IVmble  Main  System 

XVIII.  Intkrhe^tional  Ar<s 

XXIX.    <  »li?.KKVATlnN    FlRIN<i 
XXX-  IMITO  1>ITT0 

XXXI-       IMtT'i        Ditto 
MXXII.       Dht..        Dhto 

.Will.    SiEMKnV    DiSTAMT.    MEA^URER 

.  X  .\  I V.  Ditto  Ditto 

\.\XV.  Klectrical  Testing 
.XXVI.      Ditto        Ditto 


Frontispiece. 

TO  FACB  PAOI 

32 

36 

38 

40 

44 

46 

46 

48 

49 

60 

54 

58 

64 

68 

74 

80 

82 

86 

88 

\)2 

94 

96 

100 

102 

104 

106 

108 

110 

112 

112 

114 

114 

IU\ 

110 
1  •><> 

121 


VUl 


Iiist  of  Plates. 


^  XXXVII.  Electrical  Testing 
•^XXXVIII.     Ditto        Ditto 
'XXXIX.  Mine  Areas — Buoyed  Creeper 
•^XL.  Tidal  Systems  of  Mooring  . 
'^XLI.  Mooring  of  Mines 
"^XLII.  Cable  Cut — Testing  Room  . 
'XLIII.  Mine  Station 
•'XIjIV.  Mooring  of  Mines 
^XLV.      Ditto     Ditto 
"XLVI.  Multiple  Cable  Drum 
•^  XL VII.  Mooring  of  Mines 
•"XLVIII.  Whitehead  Torpedo    . 
*^L1X.  The  Luppuis-Whitehead  Launching  Tube 
•^L.  Whitehead  Launching  Tubes 
^  LI.  The  Brotherhood  Launching  Tube 
^Lll.         Ditto         Ditto         Ditto 
»LIII.  The  Yarrow  System  of  Double  Tubes 
"LIV.  The  Canet  System  of  Whitehead  Discharge 
^LV,  Ditto  Ditto  Ditto 

'  LVI.  Ditto  Ditto  Dtpto 

^YU.  The  Peck  Steam  Whitehead 
vLVIII.  The  Lat-Haight  Controlled  Torpedo. 
*  LIX.  The  Original  Brbnnah  Torpedo  . 
^  LX.  Launchino  Tubes,  H.M.S.  •*  Polyphemus  " 
'  LXL  Torpedo  Director 
'  LXII.  The  Brotherhood  Air  Compressor 
''LXIII.  Ditto  Ditto 

LXIV.  The  Buluvant  Net  Defence 
^LXV.  Ditto  Ditto 

"  LXVI.  The  Howell  Torpedo  . 
'  LXVU.       DiTTt>       Ditto 

*  LXVU  I,  TiiK  MoKvoY  Spar  Torpedo. 
•  LXIX.  Thk  Brhdan  DiRiaiBi.s  Torpedo 

*  LXX,       n»rn>       Ditto       Ditto 
^  LXXI,  Thu  Uhknhan  IWpmx^ 
LXXIa,  Uhknnan  WiNiuNo  Knqink 
^  LXXln.  M'mh  Maxim  'IXihprw   » 
'  LXXIL  Lm\>MOTivii  *l\mi*WH>i^, 
'  LXXIIa,  Nom\«Nn«y»  Ki.«innnAL  TcmfRPO 
•  LXXllL  Yahhow  ''nivMnioN**  IVurWH^  IkuT 
LXXIV,    DmM    *MlAmH^m"       Ihrro 
LXXV,    l>mM    •^Suu^**  Dmx^ 

*  LXXVL  'I'm!  il^nmisT  ^vwmawin*  \V\Kr 
LXXYU.  'rim  \U\\A.kH\\        »>iiw 

KXXVUL  I'mw  OAMt'i^iiU  kHW  A«n  l^iinv 

I^XXIX^  I'M!  N\V«I\IWVM.T    l^U^M 


TO  PACB  PA6I 

.  126 
.  132 
.  138 
.  142 
.  144 
.  146 
.  146 
.  148 
.  152 

.  152 

.  164 

.  172 

.  176 

.  188 

.  192 

.  192  . 

.  200 

.  194 

.  196 

.  198 

.  220 

.  326 

.  234 

.  190 

.  202 

.  204 

.  204 

.  206 

.  206 

.  210 

.  212 

.  226 

.  230 

.  230 

.  236 

.  238 

.  240 

.  248 

.  248 

.  262 

.  264 

.  266 

.  292 

.  294 

.  296 

.  298 


LIST    OP    TABLES. 


1.  Mint.  Casks 

*••      fttf  •••••• 

III.  GRNP.aATiNo  Macrinra,  Fbictiokal    . 

IV.  ,v  „  Magnkto-Elrctbo  . 

V.  „  „  Dtnamo-Electro    . 

VI.  pLAjmxo  Mixes,  CoiniiXATioK  Obouxd 

VIL  n  99  M  BUOYAKT       . 

Ylll.        „  „       Elkctrq^ktact     . 

IX.  „  „  MlHCELLANROnS 

X.  WkRCS    RoCKiET   ToRPEDOEf* 
XI.  EXPERIXKNTA   WITH   ROCKRT  ToRPEDOEsi 
XII.  PwmREM  OF   THK   WHITEHEAD       . 

XIII.  DfTAiLs  OF  Practice  with  the  Schwartzkoppp 

XIV.  ^  Air  Compressors 

XV.  Experiments  with  the  Howell  Torprpo    . 

XVI.  SIl|^^-K^Is<>^•  Torpedoes       .... 

•^^'I.  ^  V.  Brexxav     .... 

XMII.  I>rrAii.s  of  "Hunters"     .... 

XIX.  I>EVEI/)PMENT  of   the  ToRPEIK»    BoaT    . 

XX.  Torpedo  IV>at  Speed  Data 
XXI. 

♦»  l»  W  M  .  •  • 

XXII. 

•  •»  f»  ♦»  w  .  •  . 

XXIII.  KXTREMK    l>F>TRi:<TIVE    lUsOES   (ABBOT) 

XXIV.  Values  for  *•  I "  and  "e"  (BrcKNiix) 

XXV.  Kklative  Values  of  Expi/vsiveh  for  Submarine 
XXVI.  ArivitV  Analysis  ok  ''Oreron"  Experiments 

•^XVII.  ,,  „  ^    CARIiR'RONA  „ 

iAVjii.  Summary  of  Iron  Taroet  Experiments  (Abbot) 


PAQl 

45 

46 

77 

79 

80 

149 

149 

149 

150 

166 

167 

179 

204 

206 

215 

232 

244 

263 

2r»8 

275 


275 
275 


.  314 
.  315 

Mines  (Bucknill)  315 

.  310 
.  317 
.  319 


Torpcliocs  anb  '(Eorfrtio  SSIiU'farc. 


INTRODUCTOIIT  CHAPTER. 

kflMf  HWai7  of  Submarine  Warranii — 2.  Submarine  Hiaei  and  Torpedoes  in  Uie 

■      ■  M  CWI  Wm  {]6ei-5>— 3.  Want  of  .Icvelopmenl  of  the  Mine  and  Torpedo 

•Ang  wui — (.  EtTert  of  the  moral  power  of  the  Babmarine  Slioe — S.  Failan> 

■  tha  Torpedo  by  ihc  Turlu,  Chioese,  and  RnuiaDa — G,  Cause  of  hilare  of 

lb>  SoliaariiM   IUi>i>  KOd  Turpodo  to  fulfil  eipccUIiona — T.  Meed  of  prefknttion — 

'^  fnwnt  roaAMon  ot  Ihe  Defence  of  Harbonri  b;  UIdm— 9.  The  queslion  of  wcraoy 

!■  "Old  lo  tlie  d<<UiU  ot  Submarine  Dofcnoo— 10.  Neccuritf  for  tl««dy  ilevelopraent 

'^t^ijMcm  of  Bubmanne  Defence — 11.  Becreoy  iicocwar;  in  plannuig  the  defense  nf 

r  bj  Minis — 12.  The  i|aestioii  of  aprit  rfn  corjit — 13.  The  dt-eire  nf  otcry 

mt — 14.  Tbo  i]iii«tion  of  private  inrentiona — 15.  The  want  of  a  good  Self- 

Our — IC.  Thfl  i]DMtiaa  of  Mooring  Mine* — 17.  Improrcment*  efTecled    in 

I  Mpfl  to  Minr  Inilnuneuli'^lfL  Th>  *nnl  of  ilort'lopmenl  of  a  Single  Main  By«tem 

HiH>   IX-ToDep— 19.  The  ifccroHii  ft  Torpedoes  coniidered— 20.  The  fiiib- 

lteiiiaTaqBdi>-t>u«l— Ut.  Tbn  PUb  Turimlo— 22.  The  " Bcaistaneo "  iipcrimenbi— 

I*  OmroUed  Looomutly--  Totpodors— ^4.  The  Spar  Torptdo— 23.  The  Towing  Tor- 

B'|i'»-HL  The  dFtelo|>nicnt  U  the  Burfun-  Torpedo-boat— 27,  The  ititmduction  of  the 

BWw-Sil.  The   l>)'naiiiiln  (iun— 'ilP.  Tlie  Submarine  Gun— 30.  Tlie  Electric  Are 

M— 91.  The  qnrsUou  nf  Uid  protcrlino  nf  «liip«  ogallut  tlir  atlaek  ofTorpcdnc*^ 

k  no  iMvl  of  a  gnat  Xaral  War  tu  wttlu  ijimtloni, 

VE  Early  Uiiior*f  of  Subtnurine    War/are.— Tha   history  of  the 
irinfi  miofi  ami  tlie  torpedo,  Trwrn  tlieir  earliest  conception  to 
'  of  thu  .^Vmcriraii  (.'ivil  Wiir  (.ISIil),  will  1*  fouml  to  coiiflist 
BUD  of  DUincrutbs,  iiioro  or  less,  oxtraviiji^t  accounts  of  tho 
rfol  efllvta  pnxlui'oJ  by  tho  explosiou  of  a  charge  of  gunpowiler 
-  2-tittl  ctntoct  with  the  Uitloiu  of  sonio  ohi  hulk,  the  rcRultant  effect 
■"'■aJer  an<)  nMoniehUK-ut  pnnliii-cil  mi  the  spectatotB  being  pro- 

Eil4*  tu  the  MO!  of  iIm)  duirgc,  urnl  tho  ilo^rpfi  of  rottennesa  of  tlie 
lintrn,  vwuhI  occoaiotuilly  by  tbo  iUusiou  pmctiwil  on  the 


'iLj'xkdr^^  It  ^Lu^  'jhiZT*  Jir^jitr  it^n.  gifttHL  ?ar.>nks&  mame  meuis  or 
-jslkt,  \v  u.  .manfiiT  «racii:aesL  in  himd^  UH&imns-  jrwar  ipuoi  the  actual 

T:rz*^ii.«=*f  Oil  11  HHa.  IF  jiikniu  xntdLzxH^  jft  u^v  veie  tlien  mare 
g-enirriJIj  vnifTtL  T-*r^  '*=r;i>Ti."7  ■C5*?*L  hl  aa^il  ^vaiB  iveriaus  to  1861, 
\rzz  zit^  iMiz-iTiLi^  t::  "Ui-   L^f  fsil    i  'Zht  ik:rz^i:^o  •ji  duU  time^  for 

I-rnijT  :i  iir-:?  iii"  ti*  i:ui  c  "Ui-xz  nttni  a  T.kf  «:  ^2ZLh«rd.  vhile  in  addi- 
ti'-c  :.,'  ;lr^5«T  .^fL-?*^^.  liftT  T  :irr  liitiL  j.t.iT«I  xT*.a  JB^  jil*<ninaHe  and 
ttii^elrr^kiL  t/  --  jg.  r*  's^  23  n  I-,  "itr  V  .miifcvi  ijl  ioau  ite-  few  attempts  to 
ntili^  iL-rL-  •  *:  -^li  1  Tireir-  j*  ait  :«♦**  ci  *iii-*iM  Lave  resulted  in 
.ijmpl-etr-  Liii'ir^r:  -  c>^^~>:-it1j  :li*  zi:nS  a  .:c  -vhn  maT  be  termed 
th*^  iniii.itl'r  liiv  ::  :!-  *  ■^•-♦-'  i^*-  --•^  ^ilnuirlirr  min^  d-.*s  not  eall 
fi^r  any  5j«e*-Lii  •.^^  ciSLeriti.-c.  •.?!  iiijr  fiiiZ^  <i  ih^  faK-wledge-seeking 
torpeivist  •>£  izi^  pr^ea^eEi:  Iaj.  ieeiz^  iii^z  ;;  u^.-c^is  &:►  osefhl  lessons 
as  tu  tiie  appli*:Al4linr  •:•:  tictsir  iziiI^BArds  ix  aenul  var£iie. 

Submarine  Mksir:^  j/*.f  r:-rc*!*ixit  i*  sW  jLi<rfrii.ii*  C»n7  ITar. — In  the 
American  Ciril  war,  howt-rer,  the  Sc-oii^TnerSw  owing  lo  their  holding 
a  considerable  extent  of  sei  o>3iifit  ^  inclc-iir.g  some  impiMtant  harbonrs), 
and  to  the  absence  oi  even  a  *"  paper ''  navy  wherewith  to  defend  it 
against  the  numerically   powertiil  drers  at   the  command  of  their 
opponents,  were  fort^cil  to  call  U*  their  aid  therse  mnch-talked-of  and 
abused  iustnmieuts:  and  it  is  an  historical  iaiCi  that  the  wonderful 
ingenuity  displayed  by  the  Conleilerates  in  devising  and  constmcting 
self-acting  and  coutroUetl  submarine  mines  in  great  Tarieties,  as  well 
as  submarine  and  surface  spar  torpedo  boats,  was  one,  if  not  the 
principal  cause  of  the   protracttni   nature  of  the  terrible  struggle 
liotween  the  northern  and  southern  States  of  America.    Towards  the 
end  of  the  war,  the  Federals  in  selfnlefeuce  were  lUso  forced  to  resort 
to  the  use  of  the  spar  torpedo,  so  that  it  may  be  said  that  the  sub* 
niurinn  mine  and  the  torpedo  in  the  course  of  this  great  struggle 
I<!pt  at  one  bound  from  the  condition  of  theory  and  experiment,  to 
bcconio  ucceptcd  once  for  all  as  practical  and  valm\ble  factors  for 
iiffonco  and  df^foncc.    The  mining  and  the  torpedo  operations  executed 
during   IHIh   war  were   attended  with   such  unprecedented  and  un« 
<'XiuM't<'(l   Huccess,  attested   by  the   numerous  ships,  either  sunk  or 
diNuliInd  liy  thtiir  action,  by  the  immunity  from  attack  of  harbours 
known,  or  HUppoHcd  to  ho  mined,  and  by  the  many  repulses  met  with 


Torpedoes  constituted  IfSgitimate  Weapons. 


•  » 


l»y  the  FtnleraU  in  their  frequent  attempts  to  capture  the  harbours  of 
the  SoQthemerSy  that  the  submarine  mine  and  the  torpedo  then  and 
there  justly  received  the  seal  of  international  authority,  as  legitimate 
weapons  of  naval  warfare. 

The  torpedo  and  mine  work,  executed  during  the  American  Civil 

War,  is  well  worthy  of  close  study  by  all  those  who  may  be  engaged 

in  this  service ;  for  besides  being  extremely  interesting  on  account  of 

the  many  dashing  and  daring  attacks  on  ships  made  by  both  Federals 

lad  Confederates  with  the  spar  torpedo,  as  well  as  the  numerous 

l»rilliant  i^fl'orts  made  with  more  or  less  success  by  the  fleets  of  the 

f«»nner,  to  break  through  the  submarine  defences  of  the   latter,  it 

aUo  aflbnls  a  highly  instructive  lesson  on  the  subject  of  exieinpoi'e 

mint*  defence,  when  circumstances   necessitate  the  adoption  of  such 

ujwuiH  for  the  prote<*tion  of  a  harbour.     In  considering  this  portion 

•»f  torpedo  histor}',  there  are  two  jwints  which  should  be  carefully 

l^nip  in  mind  by  the  student,  first  the  crude  nature  of  tlie  apparatus 

cmplovHl,  and  the  inexperience  of  the  officers  and  men  connected 

«ith  thii)  work  of  submarine  defence,  and  secondly  the  composition  of 

tbe  fleets  on  the  side  of  the  attack.  

In  the  first  case,  of  the  mines  laid  down  by  the  Confederates,  ninety 
I'ercent.  were  mechanical  self-acting  ones,  carrying  a  small  charge  of 
:niiipi»wjt»r,  and  provided  with  a  means  of  ignition  somewhat  slow  and 
Wioertain  in  its  action :  a  few  controlled  mines  were  used,  but  the 
'l^ctrical  api^aratus  was  naturally  faulty,  electricity  in  its  application 
^»  submarine  mines  being  then  little  understood.  It  is  not  therefore 
^t'f;  larprising  that  in  one  instance  only  is  it  recorded  that  a  mine 
of  tkii  cIjiss  was  successfully  exploded  at  the  right  moment,  when 
Jwrnerer  it  most  completely  efiected  its  purpose  by  blowing  out  of  the 
»it«t  the  unfortunate  Federal  ship  (Commodore  Jones) ;  a  result  due 
l«rtly  Ut  the  use  of  electrical  means  for  igniting  the  charpre  by  which 
It  »iH  ox[»I<xleil  in  real  contact  with  the  bottom  of  the  vesscd,  but  more 
|*»rti«ularly  on  account  of  the  exceptionally  large  (1000  lb.)  char*^e  of 
.'^n|Mir«ltr  ^ith  which  it  was  loado<l. 

Th»*  al»s«-m*e  of  any  proper  system  of  controJhd  submarine  mines 

"■>  thi*  M\\i»  of  tht»  t -on fed* 'rates  very  materially  assisted  the  Federal 

luval  i>oniniand(*rs  in  their  numerous  attempts  at  forcing  the  passages 

Urlmnrs  and  riv«-rs  of  the  enemy,  for  it  was  tliereby  necessary  for 

tij*  S.iuh<ni«TJ*  to  leav«'  a  broad  navigable  channel  totally  unprot«»<ted 

n  2 
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4         Submarine  Defence  more  Effective  against  the  Modem  Navy. 

by  mines,  in  these  places,  for  the  passage  in  and  out  of  their  own 
war  ships,  blockade  runners,  and  other  friendly  vessels,  as  the  use 
of  the  self-acting  mine  for  this  purpose  would  have  closed  these 
channels  equally  to  friend  as  to  foe,  and  they  dared  not  plant  them 
with  the  then  unreliable  controlled  mine,  even  had  they  possessed  a 
sufiScient  number  for  this  service. 

In  the  second  case,  as  the  Federal  navy,  consisting  at  the  close  of 
the  war  of  some  four  hundred  vessels,  was  principally  composed  of 
lightly-built  wooden  ships,  turned  out  as  fast  as  they  were  needed,  the 
Federal  Admirals  were  enabled  to  evade  all  considerations  as  to 
the  loss  of  any  number  of  vessels  in  their  endeavours  to  capture 
a  harbour  or  to  force  the  passage  of  a  river  in  the  hands  of  the 
Southerners,  provided  only  that  the  efifort  was  attended  with  success, 
or  even  partial  success ;  thus  the  loss  of  some  ships  by  torpedoes 
and  submarine  mines  was  to  the  Federal  navy  of,  comparatively,  little 
importance. 

The  modem  Navy,  though  ship  by  ship  immensely  more  powerful 
than  any  of  its  predecessors,  was  then  and  is  now  in  point  of  numbers 
lamentably  weaker ;  and  in  a  serious  naval  war  it  would  become  very 
dangerously  crippled  by  the  loss  of  a  very  small  portion  of  its  ships, 
a  consideration  which  must  have  a  very  important  influence  on  the 
conduct  of  naval  operations  of  the  future,  whether  from  a  torpedo  or 
other  point  of  view,  for  an  immense  responsibility  would  thus  be 
thrown  on  the  naval  commander  of  an  attacking  force  in  the  event 
of  his  losing  any  of  his  ships,  and  oblige  him  to  consider  the  safety 
of  his  fleet  before  the  success  of  the  enterprise.  This  consideration 
must  always  seriously  interfere  with  the  execution  of  those-  dashing 
tactics  which,  twenty-six  years  ago,  alone  enabled  the  Federal  fleets 
to  penetrate  and  capture  Confederate  harbours  and  rivers,  sown,  as 
they  were  known  to  be,  with  the  deadly  self-acting  mines,  at  the 
same  time  increasing  the  effectiveness  of  the  submarine  mine  for 
defence  by  enhancing  its  viorctl  power. 

Wa72i  of  Development  of  the  Mine  and  Torpedo  in  succeeding  Wars. — 
The  value  of  the  spar  torpedo  for  attack,  and  of  the  submarine  mine 
for  defence,  though  both  were  full  of  the  imperfections  common  to 
new  inventions,  more  especially  when  constructed  of  improvised 
material,  was  so  clearly  and  practically  demonstrated  during  the 
American  Civil  AVar  that  the  student  of  torpedo  history  would  bo 


IwJ  to  expect  a  oonstantly  iacreasing  development  of  this  mode  of 
I  iu  wu-ii  gncceeding  uAval  war ;   but,  astoundiug  as  the  fact 
Iky  it|i(>e«r,  neither  tlie  aubmariiie  mine,  uor  the  torpedo,  has  played  . 
,   vtry   txiiisptcuouit    part   in   either  of  those    wbic-h   haye   occurred  • 
that  great    8tniggle,   which    include   that   between    Paragnay 
I  Brazil  (ISGl-S),  Austria  and  Italy  (181)6).  France  and  Germany   * 
8T(»-I>.  KuBsia   aud  Turkey    (1877-t*).  Peru   and   ChUi   (1878-9), 
t;  and  China  (1884). 
^ubnurini!  warfare  has  been  pmctised  to  a  oerhiin  extent  in  each  of 
H  inatanct^^,  bat  with  the  exi'eption  of  adduoing  further  testimony 
»f  the  TUt  power  of  the  subnmrino  mine  and  the  torpeilo  in  panilysiug 
tbe  advantages,  which,  in  each  case,  one  of  the  opposing  sides  held 
r  ill  the  matter  of  naval  superiority,  hy  the  mere  dread  of 
lupixnHxl  lali-ut  '-aiHibilities  for  destnictiou.  and  the  suddenness 
l  iaviaibility  of  tht'ir   action,   a   most   lamentabh.'   failure,  totally 
isiblo,  Whs  exhibitod  by  each  aide  in  theao  wars  to  lako 
f  the  power  of  the  torpedo  for  attack,  and  of  the  mine  for 
lough  the  Paraguayans,  Turks,  Peruvians,  and  (.'hinese,  had 
-I'loidid   opportunities  for  utilising  these  implements  in   (heir  most 
.  lit-ctiTo  manner. 

E^eel  of  th«  Moral  Power  of  the  Sulnnaritte  Mini. — Had  it  not 
\iefn  for  the  inofttl  [xiwer  of  the  mine,  the  Hrazilians  would  have  more 
njiidly  brought  to  a  chjse  their  war  with  Iho  Paraguayans.  But  for 
thta  nk-nt  forcv  Vfmice,  Pola,  and  other  Austrian  ports,  would  not  have 
(■va  It-ft  onuuleated  by  thu  ships  of  Italy,  nor  would  the  splendid 
luvy  of  Fniooe  have  proved  so  utterly  useless  to  the  French  in  their 
.'Toat  nowl  in  !W7U;  and,  but  for  this  ilread  of  the  toqiedo  and  the 
nuns  the  im-ajncity  of  the  Turks  to  make  full  use  of  their  immense 
•apoiority  on  the  Dounbo  and  in  thu  Black  Sea  in  1877  would  not 
lavr  t»  U'  rocopled. 

Fiilure  to  viiUte  Vm  Torpedo  hy  Vie  Turks,  Chitteae,  aiid  Rasaians. — 

I,  bod  it  not  been  for  tbe  apathetic  indiflercnce  displayed  by  tho 

I  In  1877,  and  tho  Chinese  in  1884,  tho  crossing  uf  the  IJauube  by 

laiuu  would  bare  liocn  on  almost  impossible  oj>eration,  and  the 

[«  of  Foochow  by  the  French  fleet  iu  the  daring  but  diM-idotUy 

b  nuuiii«r  in  nhich  it  was  executed  ojuld  never  have  been  so  easily 

<>n  the  other  hand,  a  pniftieai  knowledge  of  tho  nso  of  tho 

id,  llarvey,  and  S{tur  lorjiodo,  and  a  projicrly  organiitud  method 


(>  Bxpectatioiis  UnreaUsecL 


of  operating  the  same,  with  a  slight  soup^on  of  dash  thrown  in  on 
the  part  of  the  Bossian  torpedoists,  mnst  have  secured  the  destruction 
of  the  major  portion  of  the  ships  of  the  Ottoman  navy  in  their  Black 
Sea  ports,  and  on  the  Danube ;  for  if  ever  ships  invited  destruction  by 
such  weapons,  it  was  in  the  last  Busso-Turkish  war. 

It  is  seen  that,  for  some  reason  or  other,  quite  unaccountable 
in  any  logical  manner,  the  important  lessons  taught  the  world  by  the 
Southerners  in  the  art  of  torpedo  warfare,  in  their  vain  but  splendid 
struggle  for  independence  in  1861,  were  not  accepted,  or  taken  to 
licart  by  those  Powers  who  have  been  engaged  in  war  since  that  time, 
although,  inconsistent  as  it  may  appear,  the  power  of  the  torpedo  and 
of  the  submarine  mine  was  acknowledged  by  these  same  Powers,  one 
and  all,  as  demonstrated  by  the  terror  occasioned  by  the  mere  8up|>o- 
sition  that  such  were,  or  were  likely  to  be,  used  by  their  opponents. 

Cause  of  failure  of  the  Suhniarine  Mhie  and  Torpedo  to  fulfil 
expectations. — The  failure  of  the  torpedo  and  the  mine  to  fulfil  the 
great  expectations  formed  of  them,  from  the  success  attending  their 
use  by  the  Confederates,  in  the  wars  that  have  occurred  since  then, 
especially  in  the  case  of  the  Franco-Grerman  war  of  1870,  and  the 
Busso-Turkish  war  of  1877,  cannot  be  attributed  for  one  moment  to  any 
inefficiency  in  the  implements  themselves,  but  to  the  want  of  a  proper 
system,  the  inexperience  of  the  operators,  and  more  particularly  to 
the  reprehensible  measure  of  procrastination  adopted  by  these  govern- 
ments in  the  matter  of  organising,  and  providing  the  requisite 
material  for  a  complete  system  of  submarine  offence  and  defence, 
until  events  should  occur  which  would  oblige  them  to  have  recourse 
to  war  to  assert  or  defend  their  rights;  but  however  anxious  they 
may  then  have  been  to  obtain  all  they  required  in  the  way  of 
torpedoes  and  mines,  their  position  altogether  precluded  them  from 
securing  the  needful  material,  and  even  if  the  proper  kind  and 
amount  had  been  available,  there  would  still  have  been  lacking  that 
most  essential  element  of  success  in  submarine  warfare,  viz.  experienced 
officers  and  men  for  the  manipulation. 

Need  of  Preparation. — The  absolute  necessity  of  preparing,  in  a 
time  of  peace,  a  carefully  devised  plan  of  submarine  defence,  and  to 
provide  all  tlie  necessary  material  of  the  most  approved  modern  pattern, 
and  also  a  fair  proportion  of  torpedo  material  for  offensive  operations, 
cannot  therefore  be  too  strongly  urged   on   every  naval   power;   at 


N««d  of  Prapttration.— Presant  Condition. 


,  it  la  et^tully  incumbent  on  them  to  insist  on  their 

I  torpedo  corps  being  regalarly  antl  carefully  trained  in  all 

I  and   practice  oi  snbiuoriue  warfare;    the  prautiee  being 

»  fur  us  possiblo,  t<>  what  is  likely  to  occur  in  actual  wtir. 

Finality  liaa  most  c^rtdinly  not  yet  becu  arrived  ut  in  the  matter  uf 

vlwn,  and  of  u  sysl^m  of  milimarine  mine  dcfonce,  more  especially 

B  of  coDtrolIed  Iwomotive  torpedoes ;  but  a  sufficient  degree 

I  been  realised  to  admit,  at  the  present  time,  of  the 

I  of  a  definite  and  essentially  practical   plan  of  harbour 

A  by  iheftc  means. 

)  safeguardin);  of  the  honour,  and  the  integrity  of  every  naval 
I  depend  in  tlie  future  as  much  on  the  measure  of  perfectness 

fine  N8  on  hvr  naval  and  military  systems. 
\t  Condition  0/  thv  Defence  of  Ilarhovn  hy  Mines. — The  present 
I  of  tho  means  of  defending  harbours  by  submarine  mines 
preaenl*  00  imjmrtont  development  of  the  material  belonging  to  this 
bmncb  of  inbmariue  vrorfare  during  the  lust  seven  years,  and  tlio 
rrMon  for  this  apparent  ntagnatiun  can  only  be  attributed  to  two 
mtura;  in  the  first  place,  there  is  the  ever-present  fact  that  Uit- 
|i«doUt<i  in  general  hax-  more  particularly  directed  their  energies 
I  in<Tciuiing  the  efficiency  of  the  fish  torpedo,  or  of  inventing,  or 
hprimng  ni:w  forms  of  such  like  implements  of  submiirinc  olTence, 
[kirli  ^HisaeiM  the  charm  of  exciting  the  ttonder  and  admiration  of  the 
rdo  {rablic  in  a  degree  not  attainable  by  any  improvement  or 
,  however  valuable,  in  couuecUon  with  tho  tori>edo'8  more 
d  impMsivc  brethren,  submorine  mines. 
t  wlf-cvident  that  the  improvement  of  the  Whitehead,  and  the 
[  of  B  cuntroUcd  locomotivt-  torpedo  for  harbour  defence,  and 
fcrthtp  twe,  is  a  bighly  commendable  work,  and  deserves  every  effort 
>n  tb*-  p«t  of  torjjedoiata  generally ;  but  at  tlie  tuiniv  time  this  service 
old  uut  be  p(-nnitted  to  mouojH>li«c  their  Hbolc  attention,  to  the 
nt  of  the  nibmarine  mine,  wLi<-b  is,  after  nil,  the  chief  factor 
t  hftrbuor  defeni.'e. 

71u  fOMficm  0/  Svtwf  iu  regard  to  the  ilelaih  of  Suhmurine  Defmice. — 

ooUt(!r  CMUo  nitud-'d  to  is  the  unfortunate  belief  engendered  in 

V  ninda  of  muMt  oflli»r8  of  torpedo  corjis,  that  absolute  secrecy  in  all 

k«t  i4^wrtAtn>  to  the  oonatructivc  detaiU  of  a  system  of  tiubmarino 

!  defcucc,  ia  on  easeutial  of  its  Mioce^ful  application   in   actual 


Conaideratioiis  as  to  Beerecy. 


war,  and  that  therefore  all  improyements  in  this  direction  must 
emanate  solely  from  the  corps,  and  that  ontside  work  of  this  nature 
must  on  no  account  be  encouraged. 

Necessity  for  Steady  Developmeni  of  the  system  of  Submarine  Defenes. — 
It  cannot  however,  be  too  strongly  impressed  on  those  who  are  respon- 
sible to  their  country  for  the  perfectness  of  the  defence  (submarine)  of 
her  coasts,  that  neither  of  these  causes  ought  for  one  moment  to  be 
permitted  to  impede  the  steady  deyelopment  of  the  yarious  details  of 
submarine  defence,  for  it  is  unquestionable  that  the  mine  will  proye  a 
far  greater  power  for  the  purpose  of  defence,  than  the  torpedo  tor  purely 
offensive  operations. 

Secrecy  necessary  in  planning  the  Defence  of  a  Harbour  by  Mines. — 
Secrecy  in  regard  to  the  planning  of  the  submarine  defence,  for  each 
particular  harbour,  is  a  desideratum  to  be  secured  in  the  most  absolute 
manner,  but  secrecy  in  construction  is  to  be  deprecated  because  by  its 
adoption  it  precludes  the  employment  of  the  talent  of  those  private 
individuals  who  are  devoted  to  the  work  of  improving  the  material 
connected  with  submarine  mine  defence,  whilst  past  experience  teaches 
the  impossibility  of  maintaining  the  requisite  degree  of  secrecy  in 
so  far  as  the  torpedoists  of  other  countries  are  concerned,  if  only  the 
secret  matter,  which  a  torpedo  corps  desires  to  be  kept  from  their 
knowledge,  is  considered  worth  the  price  for  which  such  information 
is  always  to  be  obtained. 

The  question  of  " Esprit  de  Corps" — There  is  of  course  a  certain 
amount  of  esprit  de  corps  to  be  taken  into  account  in  considering  this 
matter,  i.e,  the  kudos  claimed  by  the  members  of  a  torpedo  corps  in 
the  event  of  their  being  able  to  devise  improvements  in  submarine 
war  material,  without  availing  themselves  of  outside  talent,  but  who  is 
there  to  judge  as  to  the  practical  importance  of  such  work,  save  the 
members  of  the  corps?  Again,  as  any  improvement  or  invention 
emanating  from  private  individuals  in  connection  with  torpedoes  and 
mines  must  be  submitted  to  the  torpedo  corps  of  any  country  where 
it  is  desired  to  introduce  it,  the  members  alone  are  able  to  decide  as 
to  the  originality  of  any  improvement  or  invention  claimed  by  the 
torpedo  corps. 

The  desire  of  every  Oovernimnt, — It  must  surely  be  the  sole  desire 
of  every  Government  to  procure  the  most  perfect  material  available  for 
the  protection  of  their  coasts  with  a  system  of  submarine  mines,  and 


r  it  ba  the  inrention  of  membets  of  their  torpedo  corps,  or  of 
I  Ctlt«r  own  conntiymen  or  foreignorsl,  ought  not  to  intflrfere 
B  adoption.  Of  course  it  must  bo  expectotl  tliat  ii  first  prefer- 
I  be  aoponied  to  that  which  omanntes  from  the  torpedo  corps, 
i  ibeii  a  cArcful  and  exhaustive  compamtire  tost  ought  to  bo 
iplied  to  eiitAblifih  its  superior  or  equivalent  value  to  similar  material 
1  ni»y,  at  the  mme  time,  have  been  produced  by  outsiders. 
The  qvtatiott  of  Private  Inwnlions. — Many  inventions  and  improve- 
btff  in  conni-ction  mth  submarine  warfare,  the  product  of  the 
I  and  ingenuity  of  private  individuals,  are  submitted  to  the 
I,  which,  tliough  ]x>ssessing  the  germs  of  success,  may  not  be 
t  in  iU  every  detail,  uud  thus  fail  in  their  first  practical  oBiuial 
experiment,  and  arc  rejectet^I  by  the  torpedo  commission,  wlieu,  if 
taken  in  hand  by  them  with  the  means  at  their  disposal  for  rendering 
» theoretically  perfect  detail  into  a  practical  shape,  these,  or  at  least 
s  iif  them,  might  be  turned  to  valuable  account. 
The  tfjtnt  of  a  good  8df-adinij  Mine. — Proexjeding  now  to  a  more 
iaili?d  cun«iderstiou  uf  the  development  of  submarine  mine  defence 
e  18711,  it  has  tirst  b>be  recorded  that  a  self-acting  mine  in  which  is 
■bioed  the  i^pabiltties  of  being  moored,  and  picked  up  at  any  time 
1  perfect  safety,  and  of  acting  with  absolute  certainty  when  brought 
t>  contact  with  a  hostile  ship,  remains  still  a  desideratum,  though 
J  arv  §OTeml  different  kinds  of  mines  of  this  nature  now  in  use 
■iBg  in  A  more  or  less  high  degree  the  feature  of  safety  in  moor- 
ing and  certainty  of  action,  but  which  when  once  moored  and  rendered 
aetiTe,  aro  loiacwbat  dangerous  to  remove,  whether  by  friend  or  foe  ; 
hvt  MkIj  if  aileqoate  inducement  be  offered  to  private  manufacturers 
of  torpedo  material,  and  a  strenuous  effort  be  made  by  torpedo  corps, 
thti  want  noml  not,  and  should  not,  Ix;  permitted  any  longer  to  exist, 
for  tberc  cannot  be  any  insurmountable  ditlicultios  jieeuliar  to  this 
lunn  of  mioo  to  prevent  the  consummation  of  its  reijuirementH. 

J%t  gitetlion  of  Mooriny  Miiies. — In  the  matter  of  mooring,  having 
■peeiaJ  roference  to  the  self-aoting  and  smiillcr  eontrollcd  mines, 
ttme  haa  been  devise^l  a  very  ingenious  method  of  automatically 
•Dchoring  them  at  any  desired  distance  below  the  anrfai'e  of  the 
«al^r  in  place*  of  unknown  depth,  which,  in  a  practical  form,  must 
i'-ridiixIlT  pn>r«  moat  \\weUi\  nmler  certain  special  ouuditions  of  naval 
'  jrfan!. 
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There  ii»  abo  another  very  uigenioas  method  now  bring  tried  of 
holding  bnoyant  contact  mines  down  to  their  moorings  by  means  of 
exflcmire  links,  (to  as  to  prevent  the  mines  from  being  stroek  (a  pre- 
ralent  cause  of  damage)  by  the  passage  of  ships  in  and  ont  of  a 
barbonr  during  a  time  of  peace.  By  firing  the  charge  in  these  links 
the  mines  become  free  to  ascend  to  their  proper  distance  from  the 
surface  wheneyer  a  need  for  their  action  is  called  for,  as  in  a  time 
of  war :  for  mooring  the  self-acting  mine  a  somewhat  similar  plan 
might  jiossibly  be  adopted  with  advantage,  the  explosive  link  in  this 
case  taking  the  place  of  the  one  which  attaches  the  mine  wire  cable 
ti}  its  anchor,  so  that  destroying  the  link  frees  the  mine,  which  by  its 
buoyancy  will  rise  to,  and  become  exjiosed  on,  the  surface,  and  in  that 
jKJsition  be  more  easily  and  safely  picked  up,  when  its  removal  for 
any  pur];x>se  is  necessary. 

Improvements  effected  in  regard  to  Mvie  Lisiruments. — Some  useful 
improvements  have  been  effected  in  circuit  closers,  and  in  shutter, 
testing,  and  firing  apparatus  in  the  direction  of  enhancing  their 
certainty  of  action,  simplicity  of  construction  and  manipulation,  and 
in  the  case  of  the  former,  their  immunity  from  action  in  the  presence 
of  the  explosions  of  neighbouring  or  counter  mines. 

The  want  of  Development  of  a  Single  Main  System  of  Submarine 
Defence. — The  system  of  testing  and  firing  a  number  of  mines 
Heparately  through  the  medium  of  a  single  cored  main  cable  in  place 
of  a  multiple  one,  by  which  certain  important  advantages  are  obtained, 
has  made  but  little  progress  in  securing  the  favour  of  official 
torpedoists  since  its  introduction  some  seven  years  since,  though  by 
the  addition  of  a  second  core  in  the  main  cable,  and  other  alterations, 
this  system  has  been  brought  into  a  more  practical  shape;  the 
advantages  of  this  method  of  mine  defence  are  worth  closer  attention 
by  the  members  of  torpedo  corps  than  has  so  far  been  accorded  it. 

The  Progress  of  Torpedoes  considered. — Tlie  Svhmanne  Boat. — The 
advance  that  has  been  effected  in  all  that  appertains  to  torpedoes  and 
their  use,  has  been  on  the  whole  satisfactory,  though  it  is  mainly  con- 
lined  to  the  surface  torpedo  boat,  and  the  fish  torpedo.  At  the  same 
time,  by  reason  of  the  very  successful  results  attained  with  one  of  the 
latest  types  of  submarine  torpedo  boats,  this  class  of  fighting  vessel 
must  also  be  considered  a  very  possible  factor  of  naval  warfare  in  the 
immediate  future.     In  England,  however,  a  belief  still  prevails  in  the 
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N*vy  decidedly  antagonistic  to  thb  employment  of  such  craft,  u 
feeling  that  has  arisen  partly  from  the  uncanny  nature  of  their  modm 
optfrandi  in  attack,  but  principally  because  of  the  numerous  disasters 
that  have  previously  attended  their  use  both  in  war  and  peace  time ; 
this  feeling,  however,  will  most  decidedly  have  to  be  given  up  by 
English  torpedoists  now  that  the  submarine  boat  has  apparently 
become  accepted  by  other  powers  (Turkey,  Bussia,  Greece)  as  a  com- 
ponent part  of  their  naval  equipment. 

It  may  now  be  accepted  as  a  fact  that  a  submarine  botit  can  be 
constructed  which  shall  possess  a  fairly  high  speed  while  running  on 
the  surface,  and  which  shall  be  navigated  with  j)erfect  safety  under  the 
mater  at  considerable  depths,  and  for  some  hours.  But  it  has  still  to 
be  demonstrateil,  in  a  practical  manner,  that  such  craft  are  aijKiblc 
of  operating  in  a  satisfactory  manner  as  torpedo  boats,  a  result  doubt- 
less quite  feasible. 

The  Fish  Torpedo. — Dealing  next  with  torpedoes,  it  is  to  be  noticed 

that  torj>e<loists,  especially  in  England  and  Germany,  have  devoted 

their  attention  chiefly  to  the  improvement  in  speed  and  accuracy  of 

tl)«>  Whitcheiul  and  Schwartzkopff  fish  torpedoes,  and,  though  a  very 

Lii  degree  of  success  has  attended  their  eilbrts  in  regard  to  the  former 

•|ttality.  yet  the  actual  effective  range  of  these  weapons  has  been  but 

dightly  incrcaiscd,  though  the  corUiinty  of  hitting  a  ship  with  them  at 

s»»me  three  to  four  hundred  yards'  range  under  ordinarily  favourable 

circamstances   is  pretty   well   assured   with   the  latest  types.      The 

Srhwartzkupff  fish  torjK'flo,  which  has  l)een  hitely  introduced,  is  in 

BK*t  respects  identical  with  the  Whitehead,  with  the  exception  that 

the  material  used  for  its  hull  is  some  sjiccies  of  phosphor  bronze  in 

llic  phice  of  steel. 

Th«»  iSchwartzkopft'  system  of  construction  is  often  comi>ared  un- 
tituiiralily  with  the  Whitehciid  method  in  the  matter  of  siwed,  but 
lie  rta>4)ii  why  these  German  Fish  torpe<loe8  arc  constructed  for  a 
I<rs*  high  nitc  o\'  j?i)ee<l  than  those  turned  out  at  Finnic  and  Woolwich 
Hw.»lely  du«'  to  the  insistaince  of  the  (lorniaus  that  their  fish  toq>cdoes 
•iiMuM  |>«>:*si.»ss  a  Hiiiform  sjiced  (some  22  knots),  thus  avoiding  the 
B«e<-»i*!«iity  of  a  H|M.*rial  s<»t  of  divergent  tables  to  suit  each  i>articular 
i«»q)eil«»,  and  this  is  a  |)oint  deserving  of  careful  attention. 

Th'  "  Il*i*iifianct*'  E.rptnhienU, — The  results  of  tin'  n'<'ont  rxpori- 
artrul-  uith   the   Whitehciid   tor|)edo  against    the    Umldanvc  ironclad 
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conducted  by  the  English  naval  authorities,  would  point  to  the  fact 
that  the  deadly  nature  of  this  weapon's  attack  has  been  very  greatly 
overrated,  for  the  results  so  far  obtained  clearly  demonstrate  that  a 
ship's  torpedo  net  is  a  very  capable  means  of  protection  to  the  vessel, 
by  causing  the  explosion  of  the  Whitehead  at  a  distance  which 
nullifies  its  destructive  effect,  in  so  far  as  the  ship  is  concerned; 
while  even  in  the  case  of  a  AiVTiitehead,  with  a  charge  of  90  lbs, 
of  gun-cotton,  arranged  in  position  so  as  to  be  fired  in  actual  contact 
with  the  submerged  portion  of  the  hull  of  the  Resistance,  the  damage 
caused  was  far  less  than  what  had  been  confidently  expected.  If  the 
vessel  had  been  under  steam  at  the  time  of  the  explosion,  and  it  were 
possible  for  such  a  torpedo  to  attain  the  position  accorded  it  in  this 
particular  experiment,  then  probably  a  greater  amount  of  damage 
would  have  been  caused. 

The  particular  experiment  under  notice  in  which  a  Whitehead  was 
fired  in  contact  with  the  Resistance,  looking  to  the  peculiar  conditions 
under  which  this  experiment  was  made,  cannot  be  claimed  as  proving 
anything  as  to  the  true  capabilities  of  the  Whitehead,  for  it  was 
merely  an  additional  proof  of  the  effect  capable  of  being  produced  on 
a  ship  by  a  certain  charge  of  gun-cotton  exploded  in  contact  there- 
with, as  any  other  kind  of  case  would  have  sufficed  equally  6is  well  for 
the  purposes  of  this  demonstration. 

Controlled  Locomotive  Torpedoes, — In  England  an  attempt  has  been 
made  to  obtain  a  suitable  locomotive  controllable  torpedo,  and  for 
the  last  five  years  numerous  experiments  have  been  made  under  the 
superintendence  of  the  Koyal  Engineer  torpedo  corps  with  a  weapon 
of  this  kind,  which  have  lately  been  brought  to  a  comparatively  suc- 
cessful conclusion;  but  a  controlled  torpedo  which  requires,  as  this 
one  does,  for  its  propulsion  more  or  less  extensive  machinery  at  the 
point  from  which  it  is  to  be  manoeuvred,  can  hardly  be  looked  upon 
as  the  ne  phis  vltra  of  such  implements,  for  it  is  thereby  rendered 
unsuitable  for  harbour  defence  or  other  purposes,  as  its  scope  of 
action  is  much  curtailed.  Further,  though  this  particular  invention 
is  certainly  most  ingenious,  in  so  far  as  its  system  of  propulsion  is 
concerned,  yet  the  main  feature  of  success  claimed  for  it,  viz.  its  sub- 
mergence, is  in  no  wise  a  speciality  of  this  invention,  but  is  merely  an 
adaptation  of  the  well-known  Whitehead  system  of  submergence,  and 
therefore  open  to  adoption  by  any  other  inventor  of  similar  torpedoes. 


The  Spar  and  other  Torpedoss.  IH 

biAylUB  pntictilar  system  of  locomotiTe  torpedo  was 

%0j  Ulkea  np  l>y  the  Boynl  Engineer  torpcdoists  without  pitting 

Mn*t  other  ^imilur  weaiwuB,  was  that  they  saw  the  possibility  of 

npTOving  twd  tiltcring  it,  that  they  might  fairly  claim  it,  in  its 

(urtn,  u  N  vvrilubUi  child  of  their  own,   a   matter  OYerbearing 

kppannitlr  nny  <|iK«tiou  as  to  whether  it  was  the  most  suitable  form 

Pwhiltf  if  only  they  could  succeed  in  keeping  the  improved 
>f  coiixtruction  a  complete  secret,  then  England  wonld  posspss 
Kttivp  controlled   torpedo   whose   mode   of  action   wonld    be 
n  to  all  the  world  besides.     As,  however,  this  invention,  in  its 
form,  has  been  patented,  any  other  government  has  an  equal 
of  constructing  it  in  an  improved  form ;  while  it  cannot   be 
I     4Babted  that  any  foreign  torpedoists  anxious  to  obtain  particulars  as 
to  Uiis  Chatham  implement  will  be  easily  able  to  secure  all  the 
inbimalioii  necej^sary. 

n*  Syar  Torjtfdo, — The  spar  or  ontrigger  torpedo,  though  it  lias 
;t«-n  prorfd  a  very  effective  weapon,  and  recently  in  the  hands  of  the 
ftfencfa  tia«  the  nieaus  of  sinking  some  Chinese  vessels  of  war  in  1884, 
TCt  ii  held  of  comparatively  little  account  by  torpedoists  generally, 
ad  •>  haa  reo^^ived  hardly  any  attention  towards  developing  it  of 
kir  yvont ;  bnt  as  this  torpedo  has  scored  all  the  successes  hitherto 
libioeil  with  movable  tt^rpedoos,  with  the  exception  of  a  rather 
■ytKimI  ai-hieve-meut  with  a  AiVhit^ihead  in  the  Russo-Turkish  war, 
UC7,  and  Iwoon^e  it  possesses  the  admirable  quality  of  being  abso- 
hfciy  uudcr  tli'^  tnuuvdiato  eontrol  of  the  operator,  np  to  the  moment 
"f  ill  ex]^<Miiun  in  euntact  with  the  ship,  it  is  to  be  regr(>tted  that  it 
Wi|i|MUvutly  b«m  diK-arded  for  the  more  or  less  erratic  Wliiteliead 
i^lorpetki. 

Tkt  Tovitty  amt  the  Dnfiing  Torpedo. — The  tom'ng  torpedo  may  lie 
"■oidered  as  a  thing  of  the  past,  and  its  history  most  decidetUy 
*anuta  its  being  put  on  one  side;  while  the  drij'tiat/  torpedo  must 
"tit  tbe  )M-cuiTeuco  of  a  war,  where  its  peculiar  requirements  will  be 
Jvrded  a  chance  of  proving  ilti  many  useful  qualities,  when  the 
itlailioa  it  will  tJicn  claim  will  be  the  means  of  creating  improved 
Ww  of  tlw  pTcaent  somewhat  anti.iufttcd  tyi>es. 

Jl*  Deviiapmmit  of  the  Sur/aer  T'lrjiedo  Boai. — In  the  matter  of  the 
yitikW  torpt-Oo  boat  a  very  dccidod  dovelopment  wilt  be  apparent  as 
"Mpuml  Willi  iu  protiilypc  of  ]tJ73,  more  especially  as  rognnla  the 
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iw:t*:ik¥A  inze  of  tbed^  craft :  in  finct,  ^  mpid  has  l^^n  this  inciease  in 
^sMrb  !OV>!3eMfiTe  tTpe  that  the  largest  bwit^  nov  bt^ing  ooiistmcted  hare 
aimc^t,  if  n^jt  ulU/^ether.  passed  the  line  of  demarcaticm  between  boat 
and  tmall  ship. 

The  iniiatiate  de!>»ire  for  high  speed  at  anr  cost  has  been  the 
imme^liate  caa^  of  the  rery  rapid  growth  of  the  torpedo  boat,  bat 
ttfongh  high  speed  is  most  certainly  a  desideratum  for  soch  craft,  yet 
it  M  indiximtaUy  an  error  of  judgment  to  l*x»k  only  to  the  capability 
f^  the  later  type  of  torpe^lo  boat  to  beat  its  predecessor  when 
mnning  on  its  builder's  trial  trip  by  a  mere  fraeticm  of«  or  eyen  by  a 
whole  knot ;  for  it  is  a  fact,  only  too  familiar  to  naral  men,  that  rarely 
indee^I  does  the  specially  high  speed  ship  or  torpedo  Ijoat  on  actual 
4enri#fe,  attain  the  same  high  rate  of  spe^l  that  she  nndonbtedly 
;i/'hieTr«d  in  the  han^ls  of  her  builder  on  the  initial  official  triaL  It 
h  sr/metimes  urged  in  respect  of  this  statement  that  the  highest 
{iTiMiible  speed  ought  to  be  attained  at  this  particular  trial,  so  that 
the  speed  on  actual  serrice,  under  the  same  conditions  of  wind  and 
wf^ihfnr,  though  more  or  less  reduced,  may  yet  be  a  fairly  high  one ; 
but  a  phenomenal  high  rate  of  speed  on  the  official  (builder's) 
trial  rran  only  be  brr>ught  about  by  some  sacrifice  of  the  boat's 
general  efficiency  when  tested  under  ordinary  conditions  at  sea,  and 
fully  loaded  and  equipped.  It  would  seem  therefore  to  be  more 
practical  and  sensible  to  sacrifice  a  certain  amoimt  of  this  hypothetical 
Hpeerl,  and  in  lieu  thereof  provide  a  more  seaworthy  and  roomy  craft 
r*a[)able  of  maintaining  for  some  hours  a  speed  of  say  21  knots  at  sea 
under  ordinary  conditions  of  wind  and  weather,  when  handled  by  naval 
rjngineer  officers  and  stokers,  and  with  the  ordinary  kind  of  service 
^•ottl :  in  other  words,  reduce  the  length,  and  increase  the  beam  of  thft 
l>oat,  and  at  the  same  time  increase  the  strength  of  the  engines  and 
the  c^al  supply. 

In  considering  this  question  of  the  size  and  speed  of  the  sea-going' 
torpedo  lx)at,  it  has  been  assumed  to  carry  as  its  torpedo  equipment 
the  Whitehead,  or  Scbwartzkopff  fish-torpedo,  and  therefore  its  de- 
Htnictivo  eflfectiveness  is  that  of  these  weapons ;  but  the  result  of  the 
Itmstaiice  experiments  with  this  weapon  has  proved  that  its  power 
of  dealing  a  death-blow  to  a  first-class  ironclad  is  not  such  as  it  had 
formerly  been  credited  with,  and  thus  the  fish-torpedo  has  lost,  to  some 
oxtent,  its  moral  power,  thereby  tending  to  increase  the  steadiness  of 
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tiio  firo  of  Uio  defcQOO,  or,  in  other  words,  adding  to  the  daiif^rs, 
alrawlr  grmt  cnoagfa,  utteudiiig  mi  attack  by  torpedo  boats,  from  tho 
fire  or  the  abip'it  tnachiiio  and  otber  giuis,  while  the  larger  the  boat, 
ih«  belter  tainft't  it  olTen;  l>i)t  when  the  naval  authorities  of  all  eoiin- 
m««  shall  aw&kc  uiit  of  their  lethargy  in  regard  to  the  employment 
••fUio  oanlndlfHl  Iix-nmotivo  tori>e<lo  with  torpedo  boats,  then,  as  tho 
na^  of  attar<k  will  thereby  be  immensely  ineroased,  the  great  si?;e  nf 
tiw  |ire»etit  ■eu-going  boat  need  not  Iro  so  seriously  entcrtuined  as  a 
•VuwlnuUge. 

Th*  Imlrodtteti^n  />/  the  '■  UiiiUer." — The  gro-iit  nnnil>er  of  torpedo 

Kitttc  mauofftctived  of  Ute  yivin*  for  the  different  navies  nf  tho  world, 

eoopltMl  with  iho  vast  [M>wer  of  offence  iicoredited  to  them,  has  foreed 

t  iotroditctiDti  (if  what  arv  vuricmsly  teruietl  torpodo-l>oat  catehers, 

I,  or  Imnters.  and  the  principles  on  which  the  fen  vessels  of 

■peeia]  type  ntreudy  built  have  been  designed  are  superiority  in 

r  of  Bpecd,  size,  strength,  seaworthiness,  coal  endurance,  and 

Kivring   powers   over  the  sea-going   torpedo-boat,  and   by  con- 

|"bwnl«n"of  from  two  hundred  to  three  hundred  tons,  all  tbe 

(  faporiurity  enumerated  above,  with  the  exception  of  speed, 

■  aecDrvd ;  though  not  quite  so  fast  on  the  measured  mile,  these 

'Imtini**  will  prubably  more  than  hold  their  own  with  the  fastest 

Uvfcdo-luKts  at  wa  on  real  service.    In  the  matter  of  the  armament  of 

*■  liaDtei9  "  con8i<lerabIe  difference  of  opinion  exists  as  to  whether 

bf  ihunld,  <tr  should  nut,  be  provided  with  a  torpedo  equipment 

■  144111011  to  a  powerful  rapid-firing  machine-gun   armament:  the 

nts    of   the   f (inner   view   very   reasonably   argue    that   these 

■■*"  would  then  very  likely  be  employed  as  torjiedo-hoaU,  and 

Nliieod  a««y  from  executio);  the  peculiar  and  im|M>rtant 

:i  they  have  lieen  es|)eciaUy  designed. 

MuiiU  Gtut. — Tbo  dyoamito  gun,  i.e.  a  gun  not  fired  bv 

;  but  which  discharges  shells,  t>r  torpedoes,  as  the  inventor 

a  projectiles,  lowled  with  that  cxpluslvi-  com]>oun(I,  must  Ire 

di  lor  if  this  weajmn  ever  become!)  adopted  as  a  component 

f  naral  armaments,  it  will  most  assuredly  very  serionsly  affect 

F  presL-nt  cundiliim  nf  navol  wnrfan>:  especially  so  will  this  be  the 

» IB  n!«prt*t  of  the  iHinibardment  of  fortJt  by  shi))s.    An  yet,  however. 

ii  now  iinplt!iD«nt  of  war  has  not  been  rw!cived  with  any  great  favour 

Tthe  naval  powers  generally,  owing  to  a  lingering  suspicion  that  n 
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for  if  A  iCrril  cj  .taj  U-tatfitrnc  -e: 
i^ii  iiiiiiiLi'  dTniuiiifie-  znzL  fc-  iu 


aii^  'ffHTiiifcry  fttooi  a  gnn  of  shelli 
'■Ti'TTAMf^  a  Batme  ms  dynamite, 
"■mI  |hmiibh1t  in  tlie  gnu,  it 
wmots  ii^  Ameriea  vitha 

i'jt  ^  United  States  Nbyj 


Tk  5iii9«in.«ir  G«/L — SafmaarrTyf  2ti!i&.  i^.  guifci  vliieh  are  arranged 
to  disehar^  tLrir  prcjiiHrtLjcs  mder  was^.ajT^  abo  c»]4isidered  as  a  pos- 
sible naTal  veapcn  ot  u^  fuRne.  b«ct  ilie  tnak  recentlT  oondnoted  in 
England,  with  an  inTiaiti:<«i  ^i  ulb  kind.  Lave  somewhat  fjcdled  in 
establishing  the  pnetieal  effetstiTenfes  elumrd  for  it. 

The  tJltctrii  Ar^  Li'jks^ — The  ek^mic  iaic)  light,  which  is  a  Tery 
neeess^mr  element  of  torpedo  warfare,  together  with  its  accessories,  as 
the  d  jnamo  machine  &r  generating  the  electric  current,  the  steam 
engine  which  operates  the  dynamo,  the  switdbes^  measuring  instni- 
ment$y  &c.y  have  been  Terr  much  improred  during  the  last  seTenyean, 
more  particularly  in  respect  to  the  greater  efficiimcy  d  the  generatijig 
machine  ;  but  there  still  exists  some  difference  of  opinion  as  to 
the  best  position  in  a  ship  in  which  to  place  the  search-lights;  for** 
instance,  whether  aloft  in  the  tops^  or  below  on  the  bulwarks,  bridges, 
&c.,  also  as  to  the  proper  number  of  lights  each  class  of  ship  should 
be  provided  with,  and  as  to  whether  the  defending  guard  boats  and 
attacking  torpeilo  boats  should  be  supplied  with  one  of  these  lights. 
Then  there  also  remains  still  to  be  settled  the  most  practical  method 
of  utilizing  the  electric  light  for  attack  and  defence,  and  the  various 
torpedo  operations  which  have  within  the  last  year  been  conducted  in 
England  and  abroad  seem  to  have  failed  in  solving  this  vexed  question. 

Tlie  question  of  the  Protection  of  Sltips  against  the  Attack  of  Tof' 
pedoes. — A  most  important  problem  in  connection  with  naval  warfetre, 
viz.,  the  protection  of  ships  against  the  attack  of  torpedo  boats,  has 
apparently  received  but  scant  attention  since  1879,  for,  with  the  ex- 
ception of  some  improvements  effected  in  the  construction  and  fitting 
of  ship  torj)edo  nets,  no  development  whatever  has  taken  place  in  this 
direction,  and  it  is  most  probable  that  since  the  success  of  the  net  in 
the  Whitehead  experiments  against  the  Resistance,  this  matter  will 
remain  in  statu  quo.  In  considering  the  case  of  a  ship  at  ancJior,  as 
f^\\(y  can  then  resort  to  the  use  of  the  net  protection  without  impairing 
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T  ••fBciency,  she  may  uow  1)0  thought  to  be  fairly  safe  against  the 
tack  of  the  present  fish  torpedo  ;  but  the  ease  of  a  ship  at  sea  is  very 
fferenty  in  so  much  as  the  use  of  nets,  as  at  present  fitted,  seriously 
duces  her  speed,  and  consequently  her  manoeuvring  powers,  so  that 
uder  such  circumstances  a  ship  attacked  by  torpedo  boats  would  have 
»  depend  entirely  for  her  safety  on  her  speed,  turning  powers,  and 
gfat  gun  equipment. 

This  problem  of  ship  torpedo  defence  at  sea  is  unquestionably  a 
Qost  difficult  one,  for  the  reason  that  the  provision  of  adequate  pro- 
Mi*  m,  without  at  the  Siime  time  in  any  way  detracting  from  the 
^ming  and  manrourang  powor  of  a  ship,  is  apparently  only  feasible 
I7  imparting  to  the  vessel  itself  the  feature  of  uusinkableness,  and 
though  many  methods  have  l)een  suggested  with  a  view  to  secure  to  a 
Aip  of  war  this  needful  quality,  yet  so  far  none  have  met  with  the 
apim)Tal  of  prac*tieal  naval  architects  in  general.  It  hardly  seems 
necessary  to  point  out  the  extreme  importance  of  this  question,  but  it 
i'*nnot  be  too  strongly  urged  on  our  naval  authorities  to  use  their  very 
Wt  endeavours  to  solve  this  problem.  The  great  strides  that  have 
l«en  made  of  late,  and  are  still  being  made,  towards  the  development 
"f  the  rapid  firing  and  the  machine  gun,  most  certainly  affords  to  a  fast 
Mi<l  rapidly  turned  ship  at  sea  a  very  valuable  powor  of  defence  against 
the  toriKHlo  boat ;  but  valuable  though  these  means  may  l)e,  yet  they 
woaM  count  but  as  nought  in  comparison  to  a  ship  rendered,  by  a 
i^unliar  form  of  construction,  impervious  to  the  explosion  of  one  or 
nj<»re  Whiteheads  in  c<mtact  with  her  hull. 

The  Hftd  of  a  great  Naval  War  to  settle  Q%i£stions. — The  occurrence 
"^ «  great  naval  war  l)etween  two  Powers,  each  properly  provided  with 
the  mast  jierfect  system  of  submarine  offence  and  defence  att^iinable,  is 
D(^'e«8ary  liefore  any  definite  and  satisfactory  settlement  can  be  arrived 
»t  of  all  the  numerous  vexed  questions  which  now  exist  as  to  the  most 
'ffe^^tive  nictho<l  of  applicjition  of  the  various  component  parts  which 
^C-thi-r  make  up  the  whoU?  art  of  torpedo  warfare.  At  this  time  the 
"^ly  jii>iiit  jKM'cpted  as  a  faict  by  the  majority  of  naval  and  military 
^••tJ.  ii  thr  vast  *•  moral  power  '*  of  the  submarine  mine,  and  the 
t-rpi-lo,  and  rven  of  the  dummy  mine.  They  are  the  unknown 
I'uutity  in  warfare,  and  must  materially  affert  the  imagination  of 
4:irn)QU]ijiii«]er  who  knows  or  believes  them  to  be  j>ossesscd  by  the 
i'l'jsing  foriN*. 
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CHAPTER    I. 

GENERAL  REMARKS. 

1-  lKfiuitiuih»— 2.  Classification  of  Submarine  Mines — ^A.  Self-acting  Minos — 3.  Sclf- 
n'-tin?  Mechanical  Mines — I.  Self-acting  Electrical  Mines— 5.  Advantages  of  Self- 
acting  Mine*— 4i.  Disadvantages  of  Self-acting  Mines — 7.  Mooring  Self-acting  Minos 
--1.  Control letl  Submarine  Mines — 8.  Ground  Mines — 9.  Advantages  and  disad- 
TantAges  of  CS  round  Mines — 10.  Controlled  Buoyant  Mines — 11.  Advantages  and 
dittdvantages  of  Controlled  Buoyant  Mines— 12.  Different  systems  of  firing  Sub- 
inarin*  Mines— 13.  Automatic  Contact  firing— 14.  At  Will  Contact  firing— 15.  At  Will 
liriDg— 10.  Observation  Firing. 

'THIS  section  will  be  devoted  to  a  complete  consideration  of  the 
*  theory  and  practice  of  the  various  means  extant  for  the  defence 
"f  harbours,  rivers,  &c.,  by  means  of  submarine  mines. 

Dfriutfions. — It  is  advisable  hero  to  define  the  meaning  of  the 
ii"Uj«nclature  which  more  particularly  belongs  to  submarine  mining 
i>»  all  its  various  bninehes. 

Hiifhinriiie  Defetice. — The  defence  of  harbours,  rivers,  &c.,  by 
*'i'»mariue  mines. 

SnhuMnne  Mines, — Charges  of  explosive  contained  in  cases  moored 
l^'Heath  the  surface  of  the  water — often  termed  "  Sea  "  Mines. 

Mines. — This  term  will  be  used  to  signify  all  kinds  of  submarine 
^ia«s,  for  the  purpose  of  avoiding  the  constant  repetition  of  the 
^^pn-ssion  **  submarine,"  which  is  only  necessary  when  distinguishing 
^'twfn-u  those  mines  used  on  shore,  and  ut  sea. 

^Ij-actiug  Mines. — Mines  which  are  fired  automatically,  and  which 
'•»^  to  l>e  under  control  from  the  moment  of  their  becoming  active. 
lijM  niiiv  be  either  '*  mechanical,"  or  **  electrical." 

>^lf'niOo$'i)uj  Mines.— ^\i\Q^  which  are  arranged  to  automatically 
^"* r  tli«m.s#»lves  at  any  particular  depth  for  which  they  are  set. 

f'ontrrJled  Mines. — Mines,  ground  or  buoyant,  whose  firiug  is 
*''^'lnt«-lv  under  control  at  all  times. 

f  onii^tr-Mities. — Mines  which  are  used  by  an  enemy  to  destroy  the 
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mines  of  the  defence,  or  to  render  them  useless,  which  is  effected  by 
exploding  them  (counter-mines)  in  the  neighbourhood  of  the  mines  of 
the  defence. 

Counter-imning.—  The  operation  of  laying  counter-mines. 

A  Mim  Field, — The  whole  space  covered  by  the  mines  of  a  system 
of  submarine  mine  defence. 

Group  of  Mines. — Two  or  more  mines  arranged  to  be  fired 
simultaneously  on  the  same  firing  circuit. 

Dummy  Mines. — Mine  cases  laid  down  without  explosive,  for  the 
])urpose  of  misleading  an  enemy  attempting,  by  sweeping,  to  clear  a 
passage  through  a  mine  field. 

Mooring. — The  means  adopted  to  anchor  and  retain  buoyant  mines 
in  their  proper  position. 

Tidal  Moorings. — Special  devices  for  maintaining  a  buoyant  mine 
at  a  fixed  distance  below  the  surface  of  the  water  in  harbours,  and 
rivers  where  a  considerable  rise  and  fall,  of  tide  is  experienced. 

ObservcUion  Firing. — The  method  of  firing  a  mine,  or  group  of 
mines,  at  the  moment  when,  by  cross-bearings  or  other  means,  the 
ship  to  be  destroyed  is  observed  to  be  actually  over  the  said  mine, 
or  group  of  mines. 

Firing  hj  Contact, — The  method  of  firing  a  mine  only  on  actual 
contact  with  a  ship. 

Firing  at  Will. — The  method  of  firing  a  mine  at  any  moment  at  the 
will  of  the  operator  at  the  mine  station. 

Mine  Stations. — Positions  on  shore  from  which  the  controlled  mines 
are  tested  and  fired. 

Observation  Stations. — Positions  on  shore  from  which  the  relative 
position  of  a  ship  jwissing  over  the  mine  field  and  a  mine  or  group  of 
mines  is  observed,  when  the  system  of  observation  firing  is  used. 

Circuit  Closers. — The  instrument  placed  either  inside  a  mine  itself, 
or  in  a  separate  buoyant  ease  attached  to  a  mine,  whereby  the  firing 
(electrical)  circuit  can  be  closed  by  contact,  or  at  will. 

Junction  Box. — A  metal  box  in  which  the  joints  forming  the  connec- 
tion between  the  main  and  mine  cable  is  placed. 

Disconnector. — A  metal  box  iu  which  a  fuze  (cut  out)  connected 
between  the  main,  and  the  mine  cable  is  placed  to  insulate  and  cut 
that  particular  mine  out  of  the  circuit  of  the  other  mines  (which  are 
also  connected  up  to  the  same  main  cable)  when  it  has  been  exploded. 
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MttUiple  Cable, — An  electrical  cable  containing  a  nnmber  of  insu- 
lated copper  wires. 

Sea  Instrument. — An  electrical  instrument  placed  in  the  junction 
box  of  a  single  or  double  main  cable  system,  whereby  a  single  or 
double  cored  cable  is  able  to  perform  all  the  functions  of  a  multiple 
cable  for  any  number  of  mines. 

Shore  Instrument. — The  electrical  instrument  placed  in  the  mine 
station  on  shore  by  which  the  testing,  signalling,  and  ''at  will "  firing 
of  a  system  of  mines  is  manipulated,  i.e,  by  which  they  are  controlled. 
Mechanical  Primer. — Apparatus  for  firing  a  mine  mechanically  on 
contact. 

Sitfttij  Plug. — A  plug,  usually  formed  of  a  material  readily  dis- 
solved by  water,  and  which  is  used  to  render  a  self-acting  mine  safe 
in  handling,  while  laying  it  in  position. 

Fuze. — The  means  whereby  a  charge  of  explosive  is  fired. 
Mechanical  Fuze. — A  fuze  arranged  to  ignite  a  charge  by  me- 
chanical means,  ue.  by  percussion. 

Chemical  Fuze. — A  fuze  arranged  to  ignite  a  charge  by  chemical 
means. 

Eltctrical  Fuze. — A  fuze  arranged  to  ignite  a  charge  by  means  of 
the  electric  current. 

Firimj  Key. — An  electrical  instrument  for  enabling  the  firing 
circuit  to  be  closed  at  any  moment  by  the  hand  of  the  operator. 

Operator. — By  an  operator  is  meant  the  officer  or  person  who 
JiMts  the  testing,  or  firing  of  controlled  mines,  or  who  is  in  charge 
of  the  observation  firing  instruments. 

Classifieation  of  Subtnarins  Mines. — Submarine  mines  are  divided 
into  two  distinct  classes,  each  one  of  which  embraces  a  variety  of 
different  kinds. 

These  two  main  divisions  are : — 

A.  Self-acting  Mines. 

B.  Controlled  Mines. 

This  nomenclature  has  been  adopted  as  more  clearly  expressing 
lli»*  'lifrerenco  that  exists  between  these  two  classes  of  mines,  than  the 
t*  rms  mechanical  and  electrical  for  "  self-acting  "  and  "  controlled  " 
r«I»e<'tively,  which  have  heretofore  ])ee\i  commonly  employed  to 
'iiatiiiguibh  between  those  mines  fired  by  automatic  means  ulone,  and 
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therefore  uncontrolled,  and  those  tired  either  automatically  on  contact, 
or  at  will^  but  which  are  always  perfectly  under  control,  because  the 
use  of  electricity  as  the  firing  agent  is  now  common  to  both  the  self- 
acting,  and  the  controlled  mine. 

A.  Self-acting  Mines. 

This  chiss  of  submarine  mine  includes  all  those  the  firing  of  which 
is  absolutely  automatic,  and  altogether  removed  from  any  control  after 
they  have  once  been  moored  and  rendered  active  by  the  removal, 
automatically  or  otherwise,  of  a  safety  pin,  or  of  a  safety  plug  ;  mines 
of  this  class  can  thus  only  be  fired  by  contact. 

There  are  two  distinct  subdivisions  of  self-acting  mines. 

a.  Mechanical. 
h.  Electrical. 

Self'Oethuj   Meclianical   Mines. — This   class   of  self-acting   mines 
includes  all  those  that  are  provided  with  mechanical  ignition  of  some 
kind  or  another ;  for  instance,  a  heavy  weight  on  the  outside  of  the 
mine  attached  by  a  line  to  a  friction  tube,  and  which  (the  weight)  is 
detached  by  contact  between  the  mine  and  ship,  and  which  in  falling 
tires  the  tube :  or  a  weight  fixed  inside  the  mine  falling,  when  de- 
tached, on  to  a  j)ercu88ion  cap  or  fuze :  or  again,  a  hammer  inside  the 
mine  fixed  at  full  cock  and  released  by  the  oscillation  of  a  weighted 
spindle  on  the  contact  of  a  ship  with  the  mine:  or  percussion,  or 
chemical  fuzes  protruding  on  the  outside  of  the  mine,  which  are  set 
in  action  by  the  blow  of  a  passing  vessel. 

Self-acting  Electrical  Mines. — This  description  of  self-acting  mine 
differs  from  the  foregoing  only  in  that  the  ignition  of  the  charge  is 
effected  by  electrical  in  the  place  of  mechanical  means. 

Various  devices  for  the  firing  of  self-acting  electrical  mines  are  in. 
vogue,  among  which  may  be  mentioned  the  following  more  notable 
ones  :  a  small  battery  without  its  electrolyte  is  placed  inside  the  mine 
with  the  fuze  in  circuit ;  then  to  generate  the  current  by  which  the 
fuze  is  fired  the  electrolyte  alone  is  needed,  and  this  is  contained 
in  a  closed  glass  tube  fixed  to  the  outside  of  the  mine  case  and 
immediately  in  connection  with  the  aforesaid  battery,  the  glass  tube 
being  again  enclosed  in  a  lead  casing,  the  bending  of  which,  due  to 
contact  between  the  mine  and  a  passing  ship,  causes  the  glass  tube  to 
break,  and  the  electrolyte  to  thereby  flow  into  the  battery  beneath, 
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completing  the  firing  circuit ;  another  device  is  to  provide  the  mine 
with  a  circuit  closer  of  some  kind  or  other  which  is  only  brought  into 
action  to  close  the  tiring  circuit  by  the  shock  of  a  ship  colliding  with 
the  mine ;  the  battery  in  this  case  (a  complete  one)  may  be  either 
placed  in  the  mine  itself,  or  in  the  mine's  mushroom  anchor,  or  it  may 
be  sank  at  some  distance  from  the  mine ;  in  the  former  method  the 
circuit  closer  is  prevented  from  acting,  by  means  of  a  safety  plug,  until 
a  certain  safe  period  of  time  has  elapsed  from  the  moment  of  the  mine 
being  moored  in  position. 

AdtaiUageM  of  Self-ncting  Miiies. — Self-acting  mines  possess  the 
following  advantages : — 

1.  They  arc  comparatively  cheaply  and  readily  constructed. 

2.  They  can  be  kept  in  store  ready  fur  use  at  a  moment's  notice. 

3.  They  do  not  require  specially  trained  men  for  their  manipu- 
lation. 

4.  Extempore  ones  can  be  readily  devised  and  constructed. 

The  advantages  here  enumerated,  more  especially  the  two  first, 
Mider  the  self-acting  mine  a  most  valuable  means  of  defence  in  the 
following  |K)8itions : — 

1.  In  combination  with  booms,  or  other  obstructions  placed  in 
^♦•fcDce  of  narrow  channels,  &c.,  which  are  intended  to  be  completely 
Mocke^l  to  friend  and  foe. 

2.  In  shallow  waters  on  the  flanks  of  a  system  of  controlled  mines. 

3.  In  blocking  unfrequented  bays,  channels,  &c.,  that  might  other- 
*i«e  be  left  entirely  unprotected. 

hmdvaniages  of  Self-ijuiting  Mines, — The  principal  objections  to  the 
employment  of  this  class  of  mine,  except  under  sjwcial  conditions  of 
time  and  place,  are  as  follows  : — 

1.  That  self-acting  mines  are  all  more  or  less  dangerous  to  place 
in  pifsition. 

2.  That  the  condition  of  the  igniting  apparatus,  mechanical  or 
'Mrical,  cannot  be  tested  when  once  the  mine  is  rendered  active 

3.  That  they  are  as  dangerous  to  friend  as  to  foe  when  once  the 
safety  plug  or  pin  has  been  removed  from  them. 

■J.  That  an  exploded  self-actin}r  mine,  or  one  known  to  be 
'Waged,  caunot  be  replaced. 
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These  disadvautiiges  constitute  a  very  serious  objection  to  the  use 
of  the  sdf'ttcting  mine,  but  nevertheless  for  the  particular  purpose  of 
blocking  unfrequented  bays,  river  mouths,  channels,  &c.,  where  it  may 
not  be  deemed  necessary  to  resort  to  the  more  elaborate  and  costly 
system  of  controlled  mines,  this  class  of  mine  will  be  found  of  some 
considerable  service ;  while  in  so  far  as  these  mines  are  self-acting  in 
their  action,  they  cannot  be  rendered  useless  or  harmless  by  the  mere 
capture  of  a  mine  station,  as  is  possible  in  the  case  of  a  system  of 
defence  by  controlled  mines,  in  which  case  a  mine  station  falling  into 
the  hands  of  the  enemy  may  be  the  means  of  rendering  abortive  a 
considerable  portion  of  the  submarine  mine  defence ;  but  in  the  case  of 
an  enemy  requiring  to  utilise  a  place  in  which  a  number  of  these  self- 
acting  mines  were  known  to  have  been  laid,  each  one  of  them  would 
have  to  be  separately  picked  up,  or  if  counter-mining  was  resorted  to 
for  the  purpose  of  clearing  the  place,  the  ground  would  have  to  be 
most  carefully  swept  before  it  could  be  considered  safe  for  their  ships 
to  traverse ;  and  as  this  is  a  work  of  considerable  labour  and  some 
danger,  a  serious  delay  would  at  the  least  be  occasioned  to  an  enemy 
desirous  of  utilising  a  place  planted,  or  supposed  to  be  planted,  witb. 
a  number  of  these  self-acting  mines. 

Mooring  Self-acting  Mines. — It  is  advisable  here  to  point  out  ho 
exceedingly  important  it  is  to  pay  the  most  careful  attention  to  th 
mooring  of  selt  acting  mines,  because  in  the  event  of  one  such  mia 
breaking  adrift  it  would  be  impossible,  even  for  those  who  laid  it  down. , 
to  know  with  any  degree  of  certainty  its  whereabouts,  and  this 
vagrant  mine  would  thus  be  drifted  about  at  the  mercy  of  the  tide  oX" 
current,  ready  on  the  slightest  provocation,  by  friendly  or  hostilo 
vessels,  to  deal  its  death  blow. 

B.  Controlled  Svhmarine  Mines. 

This  class  of  mine  includes  all  those  that  are  provided  with  ap- 
paratus (electrical)  such  that  renders  them  at  all  times  absolutely 
under  control,  i.e.  they  may  be  set  to  be  exploded  automatically  on 
contact  with  a  ship,  or  they  may  be  arranged  to  explode  only  when 
so  desired  by  the  operator  at  the  mine  station,  whether  in  contact 
with  a  ship  or  not ;  or  again,  they  may  be  exploded  automatically  at 
the  moment  when  by  some  method  of  observation  a  ship  is  known 
to  be  actually  over  one  of  them ;  while,  no  matter  what  system  of 
liring  be  in   use,  they  can   be  rendered  at  any  moment  perfectly 
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harmless  by  the  interruption  of  the  firing  circuit,  eflTected  either 
hy  the  removal  of  a  plug,  or  by  the  switching  over  of  a  key,  or  by 
detaching  a  wire  from  the  firing  battery ;  lastly,  the  condition  of 
controlled  mines  can  be  ascertained  at  all  times  by  a  pre-arranged 
system  of  testing. 

This  class  of  mine  was  heretofore  known  as  *'  electrical "  mines,  but 
though  this  term  is  strictly  correct,  yet,  as  electricity  is  ifow  also 
applied  to  the  firing  of  the  self-acting  mine,  the  present  term  "  con- 
trolle<l "  more  clearly  designates  the  wide  and  important  difference 
that  exbts  between  these  two  classes  of  submarine  mines. 

Controlled  mines  consist  of  two  distinct  classes  : 


1.  Ground  Blines. 


2.  Buoyant  Mines. 


a.  Observation. 

b.  Combination  Contact 

a.  Electro-Contact. 

b.  Combination. 


Ground  Mines. — This  type  of  controlled  mine,  as  its  name  implies, 
U  always  laid  on  the  bed  of  the  harbour,  river,  &c.,  when  it  is  used, 
there  it  forms  its  own  anchor. 

The  ground  mine  is  usually  employed  as  a  purely  observation  mine, 
«.e,  is  fin*d  by  some  method  of  observation,  when  it  becomes  the 
tery  simplest  form  of  submarine  mine,  and  is  then  intended  for  plant- 
in;?  in  narrow  and  shallow  waters ;  the  ground  mine  may  however  be 
Oinntrted  with  a  circuit  closer  carried  in  a  separate  buoyant  ctise,  in 
*liicli  case  it  is  termed  a  combination  contact  ground  mine,  a  method 
rworted  to  only  when  a  very  heavy  charge  of  explosive  is  required,  and 
■here  the  depth  of  water  is  comparatively  shallow. 

r/kf  advatUiiges  and  disadvantages  of  Ground  Mines. — This  type  of 
^ntnJlcd  mine  })ossesses  the  following  advantages : — 

1.  It  })crmits  of  the  use  of  a  heavy  charge  of  explosive  without 
c»jrrw|K)ndiug  difficulties  in  mooring  and  iu  fixing  its  position. 

1'.  The  observation  ground  mine  is  not  liable  to  be  damaged  by 
tiie  frequent  jiassing  in  and  out  of  ship8,  as  it  is  laid  on  the  bed  of 
th»^  barliour,  &r, 

Th«-  one  s«-rious  d«*fect  of  an  observation  ground  mine  wlion  nsod 
vitho'it  a  circuit  closer,  is  that  it  has  then  perforce  to  be  lirtd  by  some 
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method  of  cross- beariugs,  or  observation,  and  therefore  is  subject  to 
all  the  disadvantages  common  to  this  system  of  firing,  as  explained  at 
page  31,  and  which  very  seriously  militates  against  its  effectiveness 
as  a  means  of  harbour  defence  ;  notwithstanding  this  it  will,  however, 
be  found  necessary  in  certain  places  to  resort  to  the  use  of  these 
observation  ground  mines. 

Controlled  Buoyant  Mines. — The  buoyant  mine,  as  its  name  implies, 
is  intended  to  be  floated  at  a  certain  fixed  distance  below  the  surface 
of  the  water,  and  consequently  has  to  be  provided  with  a  certain 
amount  of  reserve  buoyancy,  which  is  restrained  from  floating  the 
mine  to  the  surface  by  means  of  a  wire  rope,  or  chain  cable  connecting 
the  mine  to  a  heavy  anchor. 

This  tji^e  of  mine  is  essentially  a  contact  fired  one,  and  is  then 
l)rovided  with  a  circuit  closer  of  some  form  or  other,  which  may  be 
placed  either  in  the  case  containing  the  charge,  ue,  in  the  mine  itself, 
when  the  mine  is  termed  an  electro-contact  one,  or  the  circuit  closer 
may  be  placed  in  a  separate  buoyant  case  and  connected  electrically 
to  the  fuze  in  the  mine,  the  buoyant  case  carrying  the  circuit  closer 
being  anchored  to  the  mine  case,  when  it  is  termed  a  comhinaiion 
mine. 

A  buoyant  mine  may  of  course  be  utilised  jis  a  purely  observation 
one,  in  which  case  no  circuit  closer  is  required,  but  this  method  of 
using  a  buoyant  mine  is  most  unadvisable,  and  unpractical,  for  except 
for  the  sake  of  cheapness  in  the  saving  of  the  cost  of  the  circuit  closer, 
there  is  no  reason  whatever  why  a  buoyant  mine  arranged  to  be  fired 
by  observation  should  be  denied  all  the  advantages  accruing  from 
contact  firing  as  well. 

Advantages  a7id  disadvantages  of  Controlled  Bmyani  Mines. — It  will 
be  necessary  to  consider  this  question  in  relation  first  to  the  electro- 
contact,  and  then  to  the  combination  buoyant  mine,  and  compare  them 
with  the  groimd  mine,  and  one  with  another. 

The  principle  of  the  electro-contact  mine  is  that  it  is  exploded  in 
actual  contact  with  the  submerged  hull  of  a  ship  striking  it,  and  there- 
fore it  needs  but  a  comparatively  small  charge  to  secure  the  maximum 
effect  of  an  attack  of  this  nature,  and  thus  as  regards  its  attack  this 
mine  has  an  immense  advantage  over  all  other  kinds  of  controlled 
mines;  while  for  the  same  reason  it  is  superior  to  the  observation 
ground  mine  in  that  absolute  accuracy  of  position  in  planting  is  not 
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neetled,  as  is  so  imperatively  necessary  in  the  case  of  all  mines  which 
are  intended  to  be  fired  by  the  observation  method ;  but  the  electro* 
contact  mine  has  the  disadvantageous  feature,  as  compared  with  the 
observation  ground  mine,  of  being  liable  to  break  adrift  in  heavy 
weather,  owing  to  the  fact  of  its  being  buoyant ;  compared  with  the 
rs>mbination  buoyant  mine  the  electro-contact  one  possesses  the 
advantages  of  being  simpler,  and  more  easily  planted,  and  retained 
in  position. 

The  combination  buoyant  mine  is  the  most  objectionable  form  of 
«.N>ntrolIed  mine,  and  is  only  a  forced  condition  of  the  small  local 
t'ffect  of  the  explosion  of  a  submerged  charge  of  even  the  most 
|ioworfuI  explosive,  where  a  system  of  defence  by  submarine  mines  is 
re<juired  for  deep-water  channels. 

In  order  of  merit  as  to  general  simplicity,  the  observation  ground 
mine  comes  first,  then  the  electro-contact  buoyant  mine,  then  the 
4*umbination  contact  ground  mine,  and  lastly  the  combination  buoyant 
mine. 

AH  cotUroUtd  mines,  except  the  observation  ground  mines,  labour 
under  the  further  disadvantage  of  being  very  liable  to  be  damaged 
by  the  constant  contact  of  friendly  ships  passing  in  and  out  of  a 
harbour  where  such  mines  are  planted,  as  it  is  of  course  necessary  to 
lay  down  the  submarine  mine  defence  some  time  previous  to  the 
.vtnal  outbreak  of  hostilities;  a  system  of  mooring  has,  however, 
\f^u  pn»i)08ed  which,  if  proved  to  be  practical,  will  altogether  remedy 
this  serioufl  defect,  a  description  of  which  is  set  forth  in  Chapter  111. 

hiffereni  Systems  of  firing  Submarine  Mines. — A  system  of  self-acting 
niin<^,  whether  mechanical,  or  electrical,  can  only  l)e  arranged  to  fire 
•  .11  actual  contact  with  a  ship,  but  in  the  case  of  tlie  controlled  mine 
f  h^-re  are  three  different  methods  by  which  thoy  may  bo  fired,  viz : 

,    ^,    ,,  \  a.  Automatical! v. 

1.  l.y  (  .mtaot  j  ,^    ^^  ^^,.,j         ' 

•J.  At  Will. 

3.  Hv  OlMirviitioii. 

A  tttijmatic  contact  ^'firing. — By  this  method  of  iirin*^;  a  controlled 
UAWf*  is  for  the  time  being  oonvortod  into  a  sfdf-actinc!:  niino,  for  a 
I  ii'»yant,  or  ground  mine  provided  witli  a  circuit  closer  is  self-acting 
t:i»-  moment  the  firing  battery  is  connected  up  with  tlu*  mine  cinuit,  and 
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tlio  ground  covered  l)y  mines  in  such  a  condition  is  then  as  dangerous 
to  pass  to  friend  or  foe ;  tlie  only  difference  between  a  field  of  self- 
acting  and  of  controlled  contact  mines  in  an  active  state  is,  that  in 
the  former  case  the  mine  field  is  always  unsafe,  whilst  in  the  latter 
case  it  can  be  rendered  perfectly  safe  for  the  crossing  of  friendly 
ships,  i.e,  the  mines  composing  the  field  can  be  at  any  moment  placed 
in  a  state  of  inactivity  by  breaking,  or  opening  the  firing  circuit. 

This  method  of  firing  is  the  simplest,  while  it  is  the  most  certain, 
and  most  effective,  for  a  ship  must  be  either  directly  in  contact  with 
the  (electro-contact)  mine,  or  immediately  over  the  (combination 
ground  or  buoyant)  mine  at  the  instant  of  explosion,  and  as  it  is 
automatic  all  chances  of  personal  error  are  eliminated ;  further,  this 
mode  of  firing  is  independent  of  the  state  of  the  weather,  or  of 
daylight. 

At  will  "  cmtact "  firing. — In  this  case  the  actual  firing  of  the  mine 
charge  is  left  to  the  option  or  will  of  the  operator  at  the  mine  station; 
the  contact  effected  between  the  mine  and  floating  object,  whether  it 
be  ship,  vessel,  or  lx)at,  &c.,  causes  a  bell  to  ring  in  the  mine  station, 
thus  indicating  that  this  particular  mine  has  been  struck,  leaving  to 
the  operator  the  option  of  exploding  it  or  not ;  the  decision  depending 
on  the  information  received  as  to  whether  it  is  an  enemy's  war  ship,  or 
a  dummy  vessel  sent  in  to  explode  the  mine,  or  a  boat,  &c.,  in  fact 
whether  the  colliding  object  is  worth  destroying. 

At  will  firing. — This  mode  of  firing  is  merely  a  means  whereby  any 
controlled  mine  may  bo  exploded  at  any  moment  at  the  will  of  the 
operator,  whether  it  be  provided  with  a  circuit  closer  or  not,  and  if  so 
provided,  without  any  contact  being  made  between  a  ship  and  the 
mine. 

Observation  firing. — This  is  a  method  of  firing  usually  reserved  for 
the  simple  observation  ground  mine,  which  by  reason  of  the  shallow- 
ness of  the  water,  where  a  defence  by  submarine  mines  is  required, 
prevents  the  use  of  a  buoytint  mine,  or  separate  buoyant  circuit  closer 
case. 

In  these  circumstiinces  it  is  necessary  to  be  able  to  know  the 
actual  moment  when  the  hostile  ship  to  bo  destroyed  is  immediately 
over  the  mine,  so  that  the  full  effect  of  the  exi)losion  mav  be  obtained, 
and  this  is  effected  either  by  some  metliod  of  cross-bearings,  or  by 
the  plane  table,  or  other  observation  system,  and  wlien  by  one  or  other 
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of  those  motho(l8  the  ship  is  found  to  be  actually  over  a  mine,  the 
liitter  can  then  be  exploded  either  automatically  at  that  instant,  or 
at  will. 

This  system  of  firing  is  defectiye  for  the  following  reasons : — 

1.  It  requires  clear  daylight  for  its  successful  operation. 

2.  It  uei^essitates  each  mine  being  most  exactly  moored  in  the 
{mAition  assigned  to  it. 

3.  Personal  errors  of  the  observers  may  cause  a  mine  to  be  either 
iin-il  prematurely  or  too  late. 

4.  The  observation  stations  are  a  source  of  weakness. 

lender  certain  conditions  it  is  impossible  to  resort  to  any  other 
ni«wl»-  of  firing;  and  therefore  this  mode  of  firing,  with  all  its  defects, 
IS  u  iK-cei^mTy  function  of  a  system  of  submarine  defence. 
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CHAPTER  II. 

DESCRIPTION   OF  SELF-ACTING  MINES. 

1.  General  remarks — A.  Mechanical  Self-acting  Mines — 2.  Brook's  Mine — 3.  The  Per> 
cussion  Fnzc — 4.  The  Chemical  Fnzc — 5.  McEvoj's  Mine — 6.  Mathieaoii't  Mine— 
7.  Extempore  Mine  — 8.  B.  Electrical  Self-acting  Mines  — 9.  The  Hertz  Mine^ 
10.  McEvoy'sMiuo— 11.  The  Naval  Mine— 12.  Mooring  Self-acting  Mines. 

r^ENEBAL  BEMABKS,  — The  self -acting  mine,  of  one  sort  or 
another,  must  enter  somewhat  largely  into  any  system  of  harbour 
defence  by  submarine  mines  because  of  the  impracticability  of  covering 
the  whole  space  to  be  protected  by  controlled  mines  alone,  owing  to 
the  great  expense  that  would  thereby  be  entailed  both  in  regard  to  the 
first  cost  and  the  maintenance ;  while  there  are  many  positions  in  every 
harbour  which  are  inaccessible  to  any  but  small  vessels  and  boats,  and 
tlierefore  would  not  be  worth  the  trouble  and  expense  of  planting  with 
controlled  mines,  but  which  must  nevertheless  be  in  some  manner 
blocked  to  the  passage  of  an  enemy's  small  craft,  and  this  can  be 
more  easily  and  eflfectually  secured  by  the  use  of  self-acting  mines 
tlmn  by  any  other  means,  notwithstanding  their  numerous  and  serious 
disadvantages  as  pointed  out  in  tlie  previous  chapter. 

The  importance  of  this  factor  of  submarine  defence  must  be  ad- 
mitted by  all  on  whom  devolves  the  duty  of  providing  for  the  proper 
protection  of  the  seaports  in  every  country,  and  yet  but  little  has 
been  attempted  in  the  direction  of  obtaining  a  thoroughly  efficient 
and  reliable  self  acting  mine,  though  tliere  arc  a  great  number  of 
inventions  of  this  description  in  the  market  from  which  to  choose;  at 
the  present  time  England  does  not  even  possess  in  her  submarine 
mine  equipment  a  properly  recognised  form  of  mine  of  this  class, 
good  or  bad. 

The  self-acting  mines,  descriptions  of  which  here  follow,  have  been 
chosen  as  representing  in  a  marked  manner  the  two  classes,  mechanical 
and  electrical,  into  which  they  are  divided,  and  each  of  the  systems 
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fKMsesses  the  elements  of  safety  in  handling,  and  certainty  of  action 
in  a  safficiently  satisfactory  manner  to  warrant  their  selection  here  as 
types  of  this  useful  class  of  mine. 

A  detailed  consideration  of  the  component  parts  which  are  common 
to  both  the  self-acting  and  the  controlled  mine  will  be  found  in 
Chapter  III.,  such  as  the  mine  case,  fuze,  and  priming  charge,  &c. 

A.  Mechanical  Self-acting  Mines. 

This  class  will  include : 

1 .  Brook's  Mine. 

2.  3IcEvoy's  improved  Singer's  Mine. 

3.  >[athieson's  Aline. 

4.  Extempore  Mine. 

Brook's  Mine — A  sketch  of  Brook's  mechanical  self-acting  mine  is 
shown  in  PL  I.  at  Fig.  1.  It  consists  of  a  conical-shaped  metal  case 
M  containing  the  charge  of  gunpowder,  in  the  head  of  which  five 
[•ercussion,  or  chemical  fuzes  P,  P,  P,  are  screwed,  so  placed  as  to 
insure  one  or  more  of  them  being  struck  by  the  colliding  vessel 

This  is  a  type  of  mechanical  mine  that  was  used  with  considerable 
#arre«s  by  the  Confederates  in  the  American  Civil  War,  and  is  included 
h^-riL-  litfauso  of  its  representing  the  best  of  that  class  of  self-acting 
mint-s  having  [)ereussion,  or  chemical  fuzes,  as  its  firing  agent. 

PercuMsion  Fuzes. — One  form  of  sensitive  percussion  fuze,  which 
Tuay  lie  used  in  the  foregoing  system  of  mine,  is  shown  in  elevation  at 
I-  i^.  'J,  and  section  at  Fig.  3,  Tl.  I.     It  consists  of  an  outer  cylinder  A 

•  »f  <*<)m[iosition  metal,  having  a  screw  thread  cut  on  its  outside  for 
*-Tt-wing  it  into  the  head  of  a  mine  case,  and  a  bonching  C  provided 
with  a  sexagonal  projection  for  applying  a  spanner  to  for  the  purpose 

•  •f  w^Towing  the  fuzo  into  the  mine  case:  this  bouching  is  further 
j.r»vidf-<l  with  an  oxternal  and  an  internal  screw  thread,  the  former 
•-inir  us<.-d  for  screwing  on  a  safety  cap,  and  the  latter  for  onabling 
T.'i-  internal  rylinder  B  containing  the  primers  p,  j>,  being  screwed  up 
i.iitil  eontiict  is  made  Wtween  them  and  tlie  copper  cap  a,  when  the 
:  iz*'  is  nquin^l  for  a<*tion. 

This  copi>er  cap  is  provide<l  to  prevent  any  moisture  from  reaeliin^ 
Tii»-  priming  composition,  but  is  so  thin  that  a  slight  blow  will  erush 
uthout  breaking  it. 

The  detonating  composition  used  in  this  fuze  by  the  Confeclerates 

D 
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was  inyented  by  General  Bains :  it  consisted  of  a  mixture  of  fulminate 
of  mercury  and  ground  glass,  and  was  so  sensitive  that  a  pressure  of 
seven  pounds  applied  to  the  head  of  one  of  the  primers  was  sufficient 
to  explode  it. 

Cliemical  Fuzes. — An  improved  form  of  Professor  Jacobi's  chemical 
fuze  suitable  for  the  Brook  type  of  mine  is  shown  in  elevation  at 
Fig.  4,  and  in  section  at  Fig.  5,  PI.  I.  This  fuze,  which  was  used 
in  its  original  form  by  the  Russians  in  1854,  consists  of  a  metal 
case  A  provided  with  an  external  and  internal  screw  thread:  the 
former  for  fixing  it  into  the  head  of  the  mine  case,  and  the  latter  for 
the  purpose  of  screwing  on  a  safety  cap.  A  sexagonal  projection  C 
is  provided  for  screwing  the  fuze  into  the  mine  case  by  means  of  a 
8i>anner. 

A  small  glass  tube  a  containing  sulphuric  acid  is  enclosed  in  a 
lead  cylinder  c,  and  surrounding  it  (the  glass  tube)  is  a  mixture  of 
chlorate  of  potash  and  white  sugar :  i  is  a  primer  filled  with  mealed 
powder  in  connection  with  the  charge  in  the  mine.  The  action  of 
this  fuze  is  as  follows :  On  a  vessel  colliding  with  a  mine  fitted  with 
a  number  of  these  fuzes,  and  striking  one  of  them,  the  lead  tube  e  is 
bent  over  until  it  breaks  the  glass  tube  a,  thereby  causing  the 
admixture  of  the  sulphuric  acid  in  the  glass  tube  with  the  chlorate 
of  potash  and  white  sugar  surrounding  it,  producing  fire  which  ignites 
the  primer  h  and  so  explodes  the  mine. 

Defect  of  Mechanical  Fuzes, — Mechanical  fuzes,  both  percussion  and 
chemical,  which  require  a  more  or  less  sharp  blow  to  insure  their 
ignition,  when  applied  to  buoyant  submarine  mines  may  very  probably 
fail  to  act  in  the  event  of  an  enemy's  vessel  being  drifted  over  ground 
planted  with  mechanical  (fuze  fired)  self-acting  mines,  as  she  would 
push  away  rather  than  strike  the  mine,  and  thus  the  ship  might  very 
possibly  bend  the  lead  tube  without  causing  the  breaking  of  the  glass 
tube,  and  so  avoid  exploding  the  mine. 

During  the  Civil  War  in  America,  and  the  late  Busso-Turkish 
war,  instances  are  recorded  of  vessels  passing  unharmed  over  ground 
planted  with  such  mines,  whilst  other  vessels  passing  over  the  same 
ground  have  afterwards  caused  the  explosion  of  these  self-same  mines. 

McFjVoijs  Mine, — This  McEvoy  mine  is  an  improved  form  of  the 
w<^ll-kn()wn  Singer's  mine,  in  which  the  displacement  of  a  heavy  weight 
from  the  top  of  the  mine  operates  (mechanically)  to  fire  the  charge. 
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Plate  II.,  Fig.  1,  represents  a  vertical  section  of  the  McEvoy  mine, 
n<I  Fig.  2  an  enlarged  one  of  the  firing  mechanism ;  M  is  the  mine 
!ise,  ^4  the  heavy  weight  which  rests  in  a  seating  provided  for  it  on 
lie  top  of  the  case,  and  which  is  prevented  from  falling,  while  the 
line  is  being  laid,  by  the  papier-mache  cover  a,  secured  by  screws  to 
be  top  of  the  seating ;  C  is  the  case  containing  the  priming  charge, 
nd  the  fuze/;  into  the  base  of  the  primer  is  screwed  a  tube  carrying 
he  firing  apparatus,  shown  at  Fig.  2 ;  the  whole  is  screwed  into  the 
use  of  the  mine  case.  The  firing  apparatus  consists  of  the  striker  c, 
am>anded  by  a  spiral  spring  s,  and  formed  at  its  lower  end  to  engage 
rith  the  hook  piece  d ;  a  channel  N  is  formed  in  the  base  piece  e, 
nrh  that  the  hook  piece  d  and  striker  c  cannot  disengage  from  each 
>lher  so  long  as  they  remain  in  this  passage;  a  piece  of  chain  L 
Nmnei'ts  the  weight  A  to  the  hook-piece  d  ;  between  the  head  of  the 
itriker  c  and  the  cap  of  the  fuze  /  a  thin  piece  of  flexible  metal  is 
inteqK>sed  to  prevent  the  ingress  of  water  to  the  primer. 
The  action  of  this  mine  is  as  follows  : — 

On  being  moored  in  the  position  assigned  to  it,  the  papier-mache 
carer  a  becomes,  after  a  few  hours'  soaking,  soft  and  disintegrated,  and 
in  that  condition  frees  the  weight  Ay  which  can  then  be  caused  to  fall 
•mt  of  its  seating  on  the  mine  being  struck  by  a  passing  vessel,  but 
th**  st'ating  is  inclined  in  such  a  manner  that  the  displacement  of  the 
**i;'lit  (when  free)  cannot  be  brought  about  by  any  ordinary  dis- 
tiirUinre  t»f  the  mine  by  the  action  of  waves. 

Th»-  mine  having  been  planted  a  sufficient  period  of  time  to  free 

the  »«/ight  A^  it  is  then  in  an  active  condition,  and  on  being  struck  by 

aTi-rwel  will  be  exploded,  by  reason  of  the  weight  A  being  thereby 

<iL<{Jac»'d,  which  by  its  momentum  in  falling,  will  draw  down  the  hook 

|»iiiv»  d  amd  striker  c  (against  or  compressing  its  spiral  spring  s)  until 

tii**  iTit#'rI<N*kin^  parts  are  free  of  the  channel  iV,  at  which  instant  tho 

■•^•k  [»i»*c<*  l»ec(>nies  <lisengaged  from  the  striker,  and  Ww.  latter  flics 

■•riApl,  du»-  to  the  tension  of  the  spiral  spring,  ji^xJ^inst  a  pen^nssion 

»I»Jtt  th<*  l«is«;  of  the  fuze,  igniting  the*  primer,  and  firing  tlio  main 

•■j.iTi'^**.     In  its  original  form  (Singer)  this  mine  was  nsed  with  great 

*»iiif-is  by  the  Confederates,  and  in  its  pn^sont  improved  form  it  may 

^■j.rly  i-laini  to  bt?  one  of  the  very  best  of  the  many  mechanical  self- 

4  tiiji:  niin*s  extant,  for,  with  ordinary  care,  it  is  safe  to  plant,  and  it 

• .  i.>-..*lin2'lv  nnlikelv  to  fail   to  act   when  owco  in  ati  aetive  state, 

I)  '2 
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while  though  there  is  a  certain  degree  of  risk  attached  in  picking  up 
such  mines,  yet  with  great  care  it  is  possible  for  those  who  plant 
the  mines  to  execute  this  work  in  safety. 

Mathiesons  Mine. — The  principle  of  Mathieson's  mine  is  somewhat 
similar  to  the  foregoing  in  so  far  that  it  is  exploded  by  means  of  a 
falling  weight  disengaged  by  the  action  of  collision  between  a  vessel 
and  the  mine,  but  it  differs  yery  materially  in  respect  to  the  details 
of  construction,  in  that  the  whole  of  the  action  takes  place  inside  the 
mine,  that  the  weight  is  only  made  (by  means  of  mercury)  suflBciently 
heavy  to  effect  the  ignition  of  a  percussion  cap  a/ier  the  mine  has 
been  planted  for  some  hours,  and  in  that  this  weight  has  to  be  dis- 
engaged, not  merely  displaced. 

Plate  IL,  Fig.  3,  shows  a  vertical  section  of  this  mine,  and  Fig.  4  an 
enlarged  one  of  the  firing  apparatus.  3f  is  the  mine  case :  il  is  the 
cover  of  the  mine :  (7  is  a  tube  screwed  into  the  cover  A,  of  such  a 
length  as  to  give  a  sufficient  fall  to  the  hollow  weight  a.  Fig.  4,  to 
enable  it  to  fire  the  percussion  cap  at  the  lower  end  of  the  tube, 
Fig.  4:  a  cover  D  is  screwed  into  the  upper  part  of  the  tube  C:  a 
chamber  is  formed  in  this  cover  in  which  mercury  is  placed :  at  the 
bottom  of  the  chamber  is  an  aperture  which  is  closed  by  means  of  a 
zinc  washer  kept  in  place  by  means  of  a  screw  nozzle :  in  the  lower 
end  of  this  nozzle  is  screwed  a  vulcanite  stem  6,  the  lower  end  of  which 
screws  into  the  top  of  the  hollow  weight  a  :  a  groove  is  cut  round  the 
vulcanite  stem :  /,  /,  are  fuzes :  E  is  the  primer. 

The  action  of  this  mine  is  as  follows  : — 

Immediately  before  the  mine  is  planted,  mercury  is  poured  into 
the  chamber,  and  the  chamber  is  then  closed  by  a  screw  plug;  the 
mercury  being  then  in  contact  with  the  zinc  disc,  causes  it  to  slowly 
dissolve,  but  the  disc  will  not  be  perforated  before  some  hours  have 
elapsed,  in  the  meantime  the  mine  will  have  been  moored ;  after 
the  zinc  disc  has  been  perforated  by  the  action  of  the  mercury,  the 
latter  will  pour  into  the  hollow  weight  a  and  thus  make  it  of  sufficient 
weight  to  perform  its  function  of  firing  the  percussion  cap  on  falling 
thereon ;  on  a  vessel  striking  this  mine  the  inertia  of  the  now  heavy 
weight  a  breaks  off  the  vulcanite  stem  b  at  the  point  where  it  has  been 
cut  away  for  this  purpose,  and  falling  on  the  percussion  cap,  ignite 
tho  fuzes  /,/,  which  fire  the  priming  charge,  and  so  explodes  the  mai 
charge. 


•i 
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Exiempore  Mine, — Extempore  apparatus  (especially  electrical)  for 
gabmarine  mining  ought  never  to  be  required,  and  the  use  of  such 
material  is  to  be  condemned,  but  it  may  possibly  happen  in  a  time  of 
nar.  through  some  oversight  or  culpable  negligence,  that  a  ship  may 
find  herself  unprovided  with  a  supply  of  self-acting  mines  wherewith  to 
obstruct  a  harbour  or  river  mouth  captured  from  the  enemy,  under 
which  circumstances  the  construction  of  a  number  of  extempore 
tnerhaniral  self-acting  mines  out  of  the  material  always  to  be  found  on 
b>anl  a  man-of-war  might  be  resorted  to  with  advantage,  or  at  least 
they  would  be  better  than  nothing. 

The  extemjwre  mine,  a  vertical  section  of  which  is  shown  in  PI.  II. 
at  Fijr.  5,  would,  if  carefully  prepared,  certainly  act  most  eflfectively. 

It  is  formed  on  the  principle  of  the  Singer  mine,  and  acts  in  a 
pr^^-isely  similar  manner.  The  mine  case  M  is  an  ordinary  cask,  which 
is  made  water-tight  by  two  good  coats  of  pitch ;  the  weight  -4  is  a 
rjund  ?h<>t  enclosed  in  a  net,  and  is  kept  from  falling  oflF  its  seat  while 
U-iiig  moored,  by  means  of  the  toggle  C  which  passes  through  the  eye 
of  a  r»»j>e  spliced  into  the  lower  part  of  the  net  round  the  weight  A ; 
the  firing  apparatus  consists  of  two  friction  tubes  /,  attached  to  a  pin 
a:  the  n>jM'  R  connects  the  weight  A  to  the  firing- pin  a:  additional 
aaf«'ty  is  secured  by  means  of  the  rod  h,  by  which,  if  the  weight  A  were 
to  fall  prematurely  before  the  mine  was  laid,  the  sudden  pull  would 
come  on  this  safety  rod  b,  and  not  on  the  friction  tubes. 

The  safety  rod  h  is  drawn  out  immediately  before  the  mine  is 
lijwen-^l  into  the  water,  and  the  toggle  (7,  to  which  a  long  lanyard  is 
attarlH^l,  is  only  pulled  out  when  the  mine  is  properly  moored. 

As  gunjHiwder  would  be  used  for  the  charge  of  this  extempore 
mine,  the  greatest  attention  must  be  paid  to  making  the  case  water- 
tiirht.  and  especially  the  hole  in  which  the  firing  pin  is  inserted ;  whilst 
i-uff  must  be  taken  that  the  weight  and  its  fittings  are  so  arranged  as 
t«»  n-nder  the  displacement  of  the  weight  perfectly  certain  (after  the 
X***^'j:\*.'  C  has  been  withdrawn)  on  the  striking  of  the  mine  by  a  vcjssel. 

B.  Electrical  Self-acting  Mines. 
This  class  will  include : — 

1.  Hertz'  Mine. 

2.  McEvoy's  Mine. 

3.  Naval  Mine. 
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Hertz  Mine, — The  Hertz  electrical  self-acting  mine  was  used  in 
considerable  numbers  by  the  Eussians  in  the  Busso-Turkish  war 
(1877-8),  more  especially  on  the  Danube,  where  on  one  occasion  a 
Turkish  gunboat  was  sunk  by  colliding  with  one  of  these  mines. 

The  Hertz  mine  is  shown  in  elevation  and  section  in  PI.  IIL  at 
Figs.  1  and  2.  M  is  the  mine  case  :  A  the  loading  hole  :  B  the  base 
plug ;  C,  C  are  cylinders  screwed  into  the  case  M,  at  such  positions  as 
to  aflFord  them  the  greatest  possible  chance  of  being  struck  by  a  vessel 
coming  into  contact  with  the  mine  :  each  of  these  cylinders  C,  (7,  con- 
sists of  a  lead  tube  enclosing  an  hermetically  sealed  glass  tube  contain- 
ing a  chlorate  of  potash  mixture :  for  safety  purposes  a  brass  cylinder 
is  screwed  on  over  the  lead  tube :  directly  beneath  each  of  these  lead 
tubes,  C,  C,  on  the  inside  of  the  mine  is  fixed  a  thin  brass  case  D,  closed 
at  its  inner  end  by  a  disc  of  wood  a :  this  case  contains  several  pairs 
of  plates  of  carbon  and  zinc  in  the  form  of  a  cell :  j9  is  a  copper 
cylinder  fitted  to  the  base  plug  which  contains  the  detonating  fuze/, 
and  the  priming  charge :  two  insulated  wires  w  and  w'  are  connected 
to  the  two  fuze  terminals,  one,  w\  being  led  through  the  loading  hole 
plug  and  connected  to  the  five  zinc  terminal  wires  of  the  five  cells : 
the  other  wire  w  is  connected  to  one  terminal  of  a  safety  key  K  on  the 
outside  of  the  mine,  the  other  terminal  of  which  is  connected  by  the 
wire  w"  led  through  the  loading  hole  plug  to  the  five  copper  terminal 
wires  of  the  five  cells:  thus  a  complete  electrical  circuit  is  formed 
between  the  five  cells  and  the  fuze  through  the  safety  keyK;  and 
with  this  key  closed  it  only  needs  the  addition  of  the  electrolyte 
(contained  in  the  cylinder  C)  to  bring  into  action  an  electric  current  of 
sufficient  strength  to  fuze  the  platinum  wire  bridge  of  the  fuze  and 
to  explode  the  mine:  with  the  safety  brass  cylinders  removed,  this 
oficct  would  be  produced  by  a  vessel  colliding  with  the  mine,  or  rather 
with  one  or  other  of  the  lead  cylinders  C,  C,  C.  This  mine  is  provided 
with  two  means  of  safety,  first  the  exterior  brass  cylinders,  and  secondly 
the  safety  key  (which  may  be  of  any  suitable  form),  and  it  is  necessary 
in  planting  these  mines  to  exercise  care  in  ascertaining  that  the  brass 
safety  cylinders  are  removed,  and  also  that  the  safety  key  is  dosed,  or 
otherwise  the  mine,  in  which  either  of  these  points  have  been  left 
unattended  to,  becomes  neither  more  nor  less  than  a  dummy. 

It  is  quite  possible  for  a  vessel  drifting  with  the  tide  to  pass 
over  such  a  mine  planted  at  too  great  a  depth  below  the  surface,  and 
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only  graze  one  of  the  lead  projections,  and  thns  bend  it  without 
breaking  the  interior  glass  tnbe.  Amongst  sevend  of  these  Bnssian 
Hertz  mines  picked  np  by  the  author  at  Soolina  in  1877,  one  was  found 
nith  a  lead  tube  bent  considerably  out  of  the  perpendicular  and  yet 
with  the  glass  tube  intact. 

MeEvcy's  Mine, — The  McEroy  electrical  self-acting  mine,  though 
in  principle  of  action  somewhat  similar  to  the  Hertz  mine,  is  l  Tery 
decided  improvement  on  it>  as  will  be  readily  understood  firom  the 
following  description. 

A  vertical  section  of  the  McEvoy  mine  is  shown  in  PL  III.  at 
Fig.  .3,  and  an  enlarged  section  of  the  firing  apparatus  at  Fig.  4. 
M  is  the  mine  case :  jp  is  the  priming  case  carrying  the  electric  fuze 
/  at  the  top  :  i^  is  a  cup-like  piece  inserted  into  the  top  of  the  mine 
ease,  and  secured  there  with  a  water-tight  joint,  and  having  at  its 
lower  or  inner  end  a  socket  into  which  the  ferrule  a  is  screwed  :  B  is 
a  flat  weight  fitting  into  a  seat  provided  for  it  in  the  top  of  the  mine 
case:  this  seat  is  so  inclined  that  no  ordinary  disturbance  of  the 
mine  when  moored  is  likely  to  displace  the  weight :  e  is  a  metal  cap 
fitting  over  a  lead  tube,  inside  of  which  is  a  glass  tube,  and  connected 
1>y  a  chain  E  to  the  weight  B :  a  ring  or  cover  of  papier-mache  D  is 
placed  over  the  weight  and  screwed  to  the  top  of  the  cup-piece, 
fur  the  purpose  of  preventing  the  premature  dislodgement  of  the 
weight  during  the  process  of  mooring  :  6  is  a  primary  cell  composed 
•  •f  carbon  and  zinc  plates,  the  electrolyte  for  which  is  placed  in  the 
L'lass  tube :  tr,  w'  are  two  insulated  wires,  %o  connecting  one  tenninal 
uf  the  fuze  to  one  pole  of  the  battery,  while  t^'  connects  the  other 
terminal  of  the  fuze,  and  of  the  cell  through  a  key  K  on  the  outside 
(»f  the  mine  case,  after  passing  through  a  water-tight  joint  at  A. 

The  action  of  this  mine  is  as  follows : — 

The  key  K  being  closed,  and  the  papier-mache  cover  being  dis- 
iQtegrated  (which  happens  two  or  three  hours  after  the  mine  has  been 
moored)  the  mine  is  thus  rendered  active,  and  on  a  vessel  striking  it, 
the  weight  B  will  be  dislodged,  and  in  falling  will,  by  means  of  the 
rhain  E,  and  the  metal  cap  c,  cause  tbe  bending  of  the  load  tube, 
und  consequent  breaking  of  the  interior  glass  tube,  thus  p(;rniitting 
the  electrolyte  contained  therein  to  flow  into  the  cell  h,  creating  a 
nirrent  of  electricity  through  the  fuze  /,  sufficiently  ]K>werful  to 
i^te  it,  and  so  fire  the  priming  charge,  and  explode  the  mine. 
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In  planting  this  mine  only  one.  instead  of  two  precautions  as  in  the 
Hertz  mine,  is  necessary  to  insnre  its  not  being  a  dummy  one  when 
required  for  action,  viz.  the  clodng  of  the  key  K^  which  is  opened  for 
the  purposes  of  safety  during  the  m«»ring  of  the  mine.  The  faUing 
weight  with  single  lead  tube  is  a  great  improrement  over  the  five 
lead  tubes  projecting  from  the  Hertz  mine  case,  as  it  obviates  the 
necessity  of  actual  contact  (a  blow)  between  one  of  them  and  the 
colliding  vessel  to  secure  the  breaking  of  the  glass  tube  containing 
the  electrolyte,  and  it  is  extremely  unlikely  that  any  failures  to  act 
will  occur  with  this  self-acting  mine. 

Naval  Mine. — This  self-acting  mine  is  the  form  adopted  by  the 
naval  torpedo  authorities,  and  its  principle  is  a  modification  of  the 
McEvoy  mercury  circuit  described  in  the  first  edition  of  this  work, 
and  which  has  been  very  generally  used  in  the  Danish  torpedo  service. 
A  sectional  elevation  of  this  mine  is  shown  in  PL  lY.  at  Fig.  1,  and 
an  enlarged  section  of  the  circuit  closer  at  Fig.  2. 

M  is  the  mine  case,  C  the  mercury  circuit  closer,  S  the  safety  appa- 
ratus :  B  the  firing  battery,  which  consists  of  two  Leclanche  cells : 
E  isa,  cavity  in  the  base  of  the  mine  case,  in  which  the  safety  apparatus 
is  placed,  and  is  closed  by  a  diaphragm  :  F,  Fy  Fyis  a,  wooden  casing 
in  which  the  charge  of  gim-cotton  is  placed.  The  safety  apparatus  8 
is  arranged  as  follows :  An  ebonite  cylinder,  closed  at  both  ends  by 
a  screw  ebonite  plug,  contains  two  pieces  of  insulated  wires,  terminating 
in  two  pieces  of  copper,  which  are  kept  apart  by  a  papier-mache  wad. 
On  the  mine  being  moored  in  the  water,  the  papier-mach6  wad  is 
gradually  and  slowly  disintegrated  and  dissolved  by  the  action  of  the 
water  admitted  into  the  cavity  E,  and  thus,  by  holes,  into  the  plug  8; 
a  spring  then  forces  the  two  copper  terminals  of  the  wires  together,  an 
india-rubber  disc  at  the  same  time  closing  the  holes. 

The  circuit  closer  (7,  Fig.  2,  consists  of  a  cast-iron  cup  in  which 
the  mercury  a  is  placed,  just  filling  the  lower  part,  with  the  terminal  t : 
a  plug  b  with  its  terminal  t' ;  the  action  of  this  circuit  closer  is  as 
follows:  On  the  mine  being  struck  by  a  vessel,  the  shock  of  the 
collision  causes  the  mercury  to  be  thrown  into  contact  with  the  plug  6, 
thereby  closing  the  firing  circuit  through  the  wire  w"  connected  to  the 
terminal  t\ 

Tho  arrangement  of  the  mine  is  as  follows  :  The  primer  D,  circuit 
closer  C,  and  firing  battery  B  arc  fixed  to  the  upper  part  of  the  wooden, 
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charge  case  F^  F^  and  the  safety  apparatus  8  is  placed  in  the  cavity  E : 

the  wire  ir  is  connected  to  one  terminal  f  of  the  battery,  the  other 

terminal  C  being  connected  by  the  wire  vf"  to  the  terminal  t  of  the 

circuit  closer  C :  the  wire  ir'  from  the  safety  apparatus  8  is  connected 

to  the  fuze :  the  wire  w'  connects  the  fuze  to  the  terminal  t'  of  the 

circuit  closer  C:   the  wires  w  and  w'  are  led  through  a  water-tight 

joint   from  E  into   the   mine   case:   the  firing   circuit   between  the 

fazes  and  the  battery  is  thus  broken  in  the  safety  apparatus,  until 

the  {lapier-mache  wad  is  dissolved,  and  in  the   circuit  closer  until 

the  mine  receives  a  blow  or  shock,  such  as  being  struck  by  a  ship. 

This  mine  has  been  known  to  fail  to  act  in  many  instances,  due  to 
the  act  of  collision  between  the  vessel  and  the  mine  not  causing  a 
sufficient  shock  to  throw  the  mercury  up  in  contact  with  the  plug  t, 
and  it  has  a  further  objection  in  that  it  is  peculiarly  sensitive  to  the 
explodion  of  a  counter-mine  ;  in  fact  it  is  very  inferior  as  an  electrical 
self-a<-ting  mine  to  either  the  "  Hertz "  or  "  McEvoy "  previously 
des«Tibed. 

Moorituji  Self-aeting  Mines. — This  description  of  submarine  mine 
>huuld  on  no  account  be  planted  in  deep  water  channels,  or  in  places 
»h»Tf  strong  tides,  or  rapid  currents  are  to  be  met  with,  on  account 
"f  thf  danger  to  all  vessels,  friendly  or  otherwise,  arising  from  the 
l»ri-;4king  adrift  of  one  or  more  of  these  self-acting  mines :  and  it  is 
iiii|Nis.sible  to  ascertain,  as  can  be  done  in  the  case  of  the  controlled 
niiru',  uhether  such  a  mishap  has  occurred. 

A  mushnx)m  anchor  and  single  steel  wire  rope  would  therefore  bo 
Miffieit'utly  strong  moorings  to  maintain  this  class  of  mine  in  position, 
I'Ui  it  is  necessary  to  repeat  here  that  every  precaution  must  bo  Uikon 
iu  tiei'uting  this  work. 

To  facilitate  the  planting  of  self-acting  mines  an  automatic  method 
"f  iinHiriii^  them  has  been  devised,  whereby  thoy  moor  themselves 
iiUtMuiiili<*ally  at  any  fixed  depth  below  the  surface  of  the  water. 

With  this  system  of  mooring  tlio  necessity  of  knowing  the  actual 
'1'  j'ths  of  water  in  any  place  where  it  is  desired  to  plant  such  mines, 
^'  tti^  to  secure  the  proper  length  of  mooring  rope  for  each,  is  entirely 
'-•bviat<*<l. 

This  method  of  mooring  was  invented  by  Lieut.  Petrouski  of  the 
IiLfK'rial  Austrian  Navy,  and  other  methods  of  performing  the  same 
It-ration  have  been  designed  by  Captain  McEvoy  and  others ;  these 
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designs  have  so  far  been  kept  a  secret,  but  the  pressure  of  water  at 
any  particular  depth  at  which  the  mine  is  to  be  moored  beneath  the 
surface  being  known,  and  taking  into  consideration  the  fact,  that  it  is 
possible  to  use  wire  of  very  small  diameter  for  the  anchoring  of  mines 
under  the  exceptional  circumstances  admitting  of  the  adoption  of  this 
system  of  mooring,  the  problem  of  how  to  eflfect  this  object  does  not 
present  any  difficulties  to  the  skilled  engineer. 

The  various  methods  of  mooring  all  classes  of  mines  will  be  found 
fully  described  and  illustrated  in  the  following  chapter. 
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CHAPTER  III. 

DESCRIPTION   OP  CONTROLLED  MINES. 

1.  Tbe  oomponent  parts  of  a  Coniiolled  Mine^A.  The  Mine  Ca8e^2.  The  Spherical  Case 
—3.  Gibbiiis*  Spherical  Case— 4.  The  Cylindrical  Case — 5.  McEvoy's  Dome-shaped 
Caie— B.  The  Ciitsuit  Closer— 6.  Mathieson's  Inertia  Circuit  Closer— 7.  Gibbins' 
spiral  Spring  Circuit  Closer — 8.  Chatham  Relay  Circuit  Closer — 9.  McEvoy's  Improved 
iDrrtia  Circuit  Closer— C.  The  Fuze — 10.  The  American  Service  Fuze — 11.  English 
t^rrice  Fuze— 12.  McBvoy's  Fuze— D.  The  Cable— 13.  Different  kinds  of  Cables— 
U.  Qualifications  of  a  Perfect  Cable — 15.  Description  of  the  Insulated  Core^ 
IG.  Single-core  Armoured  Cable — 17.  Four-core  Armoured  Cable — 18.  Seven-core 
Annoured  Cable— 19.  Circuit  Closer  Flexible  Cable— 20.  Single-core  Cable— 21.  Four- 
core  Cable — 22.  Special  Cable — 23.  Jointing  Electrical  Mine  Cables— 24.  Permanent 
Joint — 25.  Extempore  or  Temporary  Joints— 26.  Tube  Joint — 27.  Mathieson's  Joint 
— *28.  McEvoy's  Joint— 29.  McEvoy's  Armoured  Cable  Joint — E.  The  Junction  Box — 
3<J.  Seveu-core  3Iultiple  Cable  Junction  Box — 31.  McEvoy's  Mechanical  Turk's  Head 
—32.  Connecting  Box  for  Multiple  Cable — 33.  T  Connecting  Box — 34.  Disconnector 
or  Cut-out — 35.  American  Service  Cut-out — 36.  English  Service  Disconnector — 
F.  The  Moorings — 37.  Ruck's  system  of  Mooring — 38.  Maintenance  of  Position — 
3*J.  Different  systems  of  Moorings. 

T^IIE  Component  Parts  of  a  Controlled  Mine, — This  chapter  will  be 
devoted  to  the  consideration  of  the  Controlled  Mine,  not  of  the 
system  of  defence  with  such  mines,  but  only  in  so  far  as  concerns  the 
component  parts  of  the  mine  itself,  and  which  are  as  follows : — 

A.  The  mine  case. 

B.  The  circuit  closer. 

C.  The  fuze. 

D.  The  cable. 

E.  The  junction  box. 

F.  The  moorings. 

A. — The  Mine  Case. 

The  form  and  mode  of  constructing  the  case  of  every  submarine 
mine  muiit  be  that  which  will  best  enable  it  to  fulfil  the  essential 
condition  of  withstanding  a  pressure  of  water,  the  measure  of  which 
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depends  on  the  depth  of  submergence,  and  to  remain  perfectly  water- 
tight. 

It  is  also  important  that  the  means  provided  for  loading  a  mine 
with  its  charge,  and  for  fixing  in  its  circuit  closer,  be  such  that  this 
work  can  be  quickly  and  readily  performed. 

In  the  case  of  all  buoyant  mines  the  dimensions  of  the  cases  must 
be  such  that  a  considerable  amount  of  eoscess  buoyancy  is  provided  by 
which  to  maintain  the  mine  in  a  stationary  position  when  moored. 

Then  the  nature  of  the  explosive  agent  which  is  intended  to  be 
used  as  the  charge  is  an  important  consideration. 

For  explosive  compounds  such  as  gun-cotton,  dynamite,  &c.,  the 
mine  case  should  not  be  of  greater  strength  than  is  actually  necessary 
to  enable  it  to  fulfil  the  condition  as  to  water-tightness ;  but  for  charges 
of  gunpowder  and  such  like  explosive  mixtures,  additional  strength  of 
case  is  necessary  to  insure  the  full  explosive  eflfect  being  obtained. 

Spherical  Shape. — The  shape  of  the  case  best  suited  for  all  the 
purposes  of  a  huoyant  submarine  mine  is  that  of  a  sphere,  and  this  is 
now  the  recognised  form ;  hitherto  the  case  was  constructed  in  the 
form  of  a  cylinder,  and  also  conical,  the  spherical  shape,  though 
considered  to  be  theoretically  the  most  perfect,  having  previously 
ofiered  considerable  difficulties  in  its  construction,  which  have,  how- 
ever, now  been  entirely  overcome. 

There  are  three  kinds  of  buoyant  mines  now  in  use,  which  are 
distinguished  by  the  size  of  their  charge,  viz.  the  501b.,  1001b.,  and 
500  lb.  mine. 

The  50  lb.  case  is  used  with  the  600  lb.  mine  to  carry  the  circuit 
closer,  when  they  together  form  the  "  combination  "  buoyant  mine : 
the  50  lb.  mine  case  is  in  fact  what  is  termed  the  "  buoyant  circuit 
closer  case." 

The  100  lb.  case  is  used  for  the  "  electro-contact "  mines. 

The  500  lb.  case  may  be  used  either  as  a  contact  mine,  when  it  is 
combined  with  the  50  lb.  case,  or  as  a  simple  buoyant  mine  fired  by 
observation. 

All  these  cases  are  similarly  constructed,  differing  only  in 
dimensions  and  strength  of  material ;  at  Fig.  1,  PI.  V.,  a  sketch  of  a 
500  lb.  mine  case  is  shown. 

This  form  of  case  is  constructed  in  two  hemispheres,  A  and  B,  with 
an  opening  in  the  lower  one  at  (7:  the  two  halves  are  joined  together 
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uhI  tana  the  spherical  case  by  means  of  an  inside  wob  plate  of  T  iron  D, 
Mhich  U  riveted  to  ihe  two  hemispheres  with  four  rows  of  rivets  for 
ifcie  100  lb.  and  5001b.  case,  and  two  rows  of  rivets  for  the  smaller 
SO  lU  case ;  after  the  sphere  has  been  formed,  a  flanged  collar  F  is 
■tvtl  (in,  which  is  iii>ed  for  bolting  on  the  base  piece  carrying  the 
lit  closer  G :  the  opening  in  this  collar  is  also  used  for  loading 
iDu  with  its  explosive  charge ;  If,  H,  are  lugs  with  eye-bolts  for 
iliackling  on  the  mooring  chains. 

Particulars  of  these  mine  eases  are  as  follows : — 
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GUJiina'  Spherical  Case. — A  form  of  spherical  mine  case  as  devised 
I'V  SsTgemnt  I'.  Gibbins,  late  R.  E.,  is  shown  in  section  in  PI,  V.  at 

.\«coQstnicted  by  the  firm  of  Messrs.  Latimer  Clark,  Muirhead  &  Co., 
il  ri>iLiiBU  of  two  hemispheres,  J  and  iJ,  of  iron,  steel,  or  malleable  cast- 
inai,  which  instead  of  being  riveted  together  into  one  whole  sphere,  are 
flnairi-d  aa  at  C,  and  bolted  together,  a  water-tight  joint  being  made  by 
c^-ani  of  in<Ua-rubber,  or  such  like  material ;  the  upper  hemisphere  A 
I'jiniTided  with  a  sunken  eye-bolt  d:  the  lower  hemisphere  has  an 
"iwiing  in  which  is  inserted  the  base  piece  with  circuit  closer  and 
piiBuiig  charge  case  E :  in  the  interior  of  this  lower  half  is  fixed  an 
inn  box  or  case  g,  in  which  is  placed  the  main  charge  of  gun-cotton  or 
■lAtr  explomve. 

Tlie  object  of  this  form  of  case  is  to  simplify  the  loading  and 

Itting  np  of  the  mine,  as  well  as  to  enable  the  mine  to  be  always  kept 

j  li«dod,  bot  these  advantages  are  secured  at  the  cost  of  a  {H>5sibIo 

I  Vtltagfl  at  the  joint  (?,  and  the  possibility  of  the  flange  excrescence 

I  liing  an  enemy  in  the  work  of  clearing  away  the  mines  of  the  defence. 
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Cylindrieal  Shape, — As  a  great  number  of  the  old  pattern  cylindrical 
mine  cases  are  still  in  use,  it  is  necessary  to  give  some  details  of  their 
constmction,  size,  &c. 

There  are  four  descriptions  of  these  cases,  viz.,  a  100  lb.,  250  lb., 
500  lb.  and  500  lb.  The  100  lb.  case  is  used  for  the  "  electro-contact " 
mines,  and  is  shown  in  section  in  PI.  VI.  at  Fig.  1 ;  it  consists  of  a 
wrought-iron  cylinder  of  No.  12  B.  W.  G.,  with  flat  ends,  and  being 
very  thin  is  tinned  inside  to  ensure  the  joints  and  rivets  being  water- 
tight, and  is  enclosed  in  a  wooden  jacket  A  to  give  it  the  necessary 
buoyancy,  and  this  jacket  also  acts  as  a  protection  against  the  blows  of 
vessels  colliding  with  the  mine  ;  G  is  the  circuit  closer,  F  the  fuze  case, 
JT  is  the  mooring  chain  ring. 

The  250  lb.  and  one  of  the  500  lb.  cases  are  used  as  ground  mines, 
and  the  other  500  lb.  case  as  a  buoyant  mine. 

These  three  cases  are  similar  in  construction,  being  formed  of  an 
iron  cylindrical  body  with  dished  ends,  but  they  differ  in  size  and 
thickness  of  plate. 

A  section  of  a  500  lb.  mine  case  is  shown  in  PI.  VI.  at  Fig.  2,  where 
M  is  the  mine  case,  A  the  fuze  and  mouthpiece. 

Particulars  of  these  four  cases  are  as  follows : — 


Table  II. 


Thickness  of 
plate. 

Dia- 
meter. 

Weight 
loaded. 

Buoyancy. 

£xce«. 

Loss. 

inches. 

lbs. 

lbs. 

lbs. 

1001b.  case    . 

12  B.  W.  G. 

14 

•  • 

140 

•  • 

250    n       n         • 

ft" 

24 

520 

•  • 

150 

OUU   ,1      )f        . 

i" 

30 

1,000 

•  • 

200 

j   dUU    n       n         *            • 

.1  " 

1      '^ 

32 

850 

150 

•  a 

• 

McEvoy's  Dome-shaped  Case. — The  most  suitable  form  of  case  for 
ground  mines  has  been  found  by  practical  experience  to  be  hemi- 
spherical, or  dome-shaped,  the  base  of  which  forms  the  mine's  anchor 
or  mooring  weight.  A  skotch  of  one  of  these  ground  mine  cases  as 
designed  by  Captain  McEvoy  is  shown  in  PI.  VI.  at  Fig.  3,  where  If 
is  the  mine  case,  A  the  loading  hole,  P  the  primer. 
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Three  aixes  of  these  mine  cases  are  made,  vtz.,  500  lb.,  750  lb., 
.    !  1000  lb. 

They  are  constructed  of  cast-iron,  from  ^  in.  to  1  in-  in  thickness, 
.  -ording  to  thn  d<>pth  at  which  they  are  to  )je  submerged,  and  their 
wcig^ht  TwioA  from  800  lbs.  for  the  smaller  one  to  2000  lbs.  for  the 
Uri^one. 

B. — The  Chicxjit  Closer. 

Controlled  buoyant  or  ground  submarine  mines  to  be  fired  by 
'^lotart  n-qaire  an  eltctrit^  instrument  placed  either  in  the  mine 
csdc  itM-lf,  nr  in  a  sepamtt.'  buoyant  case  which  shall  automatically  put 
in  i-in-uit  the  firing  battery  (if  it  be  so  desired)  on  an  enemy's 
Tcasi-l  (wlli'ling  with  the  mine,  or  the  buoyant  case  thus  fitted,  and 
this  clcrtrii^  instrument  is  termed  a  "  circuit  closer." 

Tbcrv  are  four  kinds  of  circuit  closers  in  general  use  at  the  present 
time,  riz. : — 

1.  >fathieeon's  inertia  circuit  closer. 

2,  Gibbins"  spiral  spring  circuit  closer. 
H.  Chatham  relay  circuit  closer. 
■J,  McEyoy's  magneto  circuit  closer. 

Of  these  four  circuit  closers,  the  first  one  may  be  considered  as 
pnK^tically  soppiwulttd  by  one  or  other  of  the  remaining  three,  but  as  a 
TKst  nambcr  of  tbom  are  still  in  use,  it  has  been  necessary  to  include 
its  dmicription  with  the  other  more  modern  and  improved  ones. 

Mathieton's  Inertia  Circtiit  Closer. — This  form  of  circuit  closer  is 

thrr  tm**  that  has  hitherto  been  used  by  the  English  Government  in 

coam-ctiun  with  their  system  ot  submarine  mine  defence,  but  its  place 

U  DOW  tAkm  by  the  new  Cbatbura  circuit  closer  described  at  \i&ge  49. 

This  circnit  closer  is  illustratcl   in  PI.  VII.,  where  Fig.  I   is  a 

•"-tiooftl  cleration ;  Fig.  2  a  plan  tbrougli  A  If ;  Fig.  y  a  plan  of  the 

■  iodle  liTidg*' ;  and  Pig.  4  a  plan  of  the  ebonite  and  brass  spindle  disc. 

ThU  circuit  closer  caiisists  of  a  gun-metal  dome  sr.  x,  x,  screwed 

t-t  m  metal  Uwe  B;  N  is  a  metal  bridge  screwed  on  tu  tbc  base  li; 

'  FT.  ir*   bnuM  wtliimns  supporting  a  circular  el)onite  piece  h:  It  is  a 

*!■    ■  arrving  n  wt'ight  T,  and  scrowe*!  into  the  bridge  N;  h,  fc,  are 

■  .-.niii'-t  pprings;  i^  ar«>  adjusting  screws  to  regulate  the  sensitive- 

-  ■•{  ihi'  iipiHinitiis;    a  is  a  bmss  contact  piece  attached  to  the 

:  aUe  S  •  f,f,  •**  ''"'  fn«e6 ;  g,  g,  the  priming  charge  of  gun-cotton. 
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The  Armdrong  Bday, — In  the  simple  fonn  of  this  circuit  closer  for 
electro-contact  mines,  there  was  no  means  of  testing,  the  circuit  being 
broken  at  the  contact  springs.  This  relay,  deyised  by  Colonel  R  Y. 
Armstrong,  R.E.,  was  intnxluced  to  obviate  the  defect. 

It  consists  of  a  cylindrical  block  of  box-wood  haying  three  holes 
bored  longitudinally  in  it  to  admit  of  it  fitting  over  the  three  columns 
of  the  circuit  closer.  Horse-shoe  magnets  are  fitted  at  the  top  and 
Ixittom.  A  high  and  a  low  resistance  coil  are  wound  one  over  the 
other  in  opposite  directions  round  a  hollow  bobbin.  An  armature  or  \ 
tongue  is  pivoted  in  the  hollow  bobbin,  one  end  of  which  works 
between  two  contacts. 

Testing. — For  this  purpose  a  vibrating  movement  of  the  tongue  is 
set  up,  which  continues  so  long  as  the  proper  (positive)  current  is 
maintained,  and  which  is  indicated  on  shore  by  the  telephone. 

Should  the  mine  l>e  struck  while  the  signalling  (negative)  current 
is  on,  the  current  passes  through  the  low  coil  wire  direct  to  earth. 
The  tongue  is  thus  brought  over  to  the  left  contact  stop,  and  the 
current  being  negative,  the  tongue  is  held  over  there;  the  mine  may 
then  be  fired  through  the  low  resistance  circuit. 

Gtblnns'  Spiral  Spring  Circuit  Closer, — A  vertical  section  of  this 
circuit  closer  is  shown  in  PI.  VIII.,  Fig.  1,  a  plan  of  the  relay  at  Fig.  2, 
and  of  the  contact  piece  at  Fig.  3 ;  it  consists  of  a  base  of  malleable 
cast-iron  A,  on  which  are  mounted  the  pillars  B,  B,  carrying  a  metal 
table  from  which  depends  a  helical  metallic  spring  a,  and  an  electro- 
contact  disc  C:  this  disc  is  iusulated  by  an  ebonite  block  from  the 
spring  a  :  the  contact  springs  D  are  supported  on  the  base  A  as  near 
to  the  insulated  disc  C  as  is  necessary  for  the  contact  screws  b,  b,  on 
disc  C  to  strike  the  springs  D,  and  close  the  circuit  whenever  the  mine 
is  struck  by  a  passing  vessel :  -B  is  a  relay,  above  which  is  fixed  a 
w(K)den  platform  F,  supported  on  the  pillars  B,  B,  which  carries  the 
<lctc)nator8  and  the  priming  charge  O,  and  kept  firmly  pressed  donn 
by  a  disc  and  spiral  spring  D' :  the  whole  of  this  apparatus  is  enclosed 
in  a  drawn  steel  envelope  H,  hermetically  closed  at  the  top,  and  pro- 
vided with  a  flange  and  screw  collar.  The  relay  E  which  is  shown  in 
plan  at  Fig.  2  consists  of  an  electro-magnet  K,  and  armature  e :  the 
core  of  the  magnet  is  wound  with  fine  wire  of  some  2000  ohms  resist- 
ance,  and  also  with  a  thick  wire  of  some  4  ohms  resistance. 

The  action  of  this  circuit  closer  is  as  follows :  When  the  mine  is 
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I'Uoed  ID  pontioD,  a  BmaU  signalling  cnrrent  is  kept  constantly  passing 

'hn«igh  lb(*  lieton&ting  fiues,  and  tlieiice  through  the  jine  wire  coil 

:   thf  rvlay  lo  eorlh,  and  by  reason  of  the  great  rosistauce  of  the 

r 'iiit  thf  detunaton  are  not  exploded,  the  armature  is  not  attracted, 

i    tin    '.mdilion  of  the  detonators  may   be  tested  electrically,  op 

ji  il-  iii-iy  lie  sent  tbrongh  the  circnit  without  danger.     This  current 

I-..  pii--^?3  through  an  electro-magnetic  Bignalling  shutter  on  shore, 

tot  tho  current,  besides  being  too  feeble  to  fire  the  mine,  is  also  too 

feeble  to  drop  this  shutter. 

Thi*  i-ircuit  of  low  resistance  and  a  contact  piece  on  the  relay  is  so 

Miwii^  that  when  a  testing  current  of  greater  strength  is  sent  through 

tlir  fine  v\k  coil  the  armature  is  attracted  and  completes  the  circuit, 

-•  tluit  the  current  passes  not  only  through  the  fine  wire  coil  circuit, 

t  it  ulsu  tfhuntctl  through  the  circuit  of  low  resistance,  the  result 

I'.Qg  tiuit  the  resistance  of  the  circuit  is  reduced  by  2000  ohms,  and 

iko  galriuiomet«r  on  shore  shows  the  completion  of  tliis  short  circuit 

br  its  grtutly  increased  deflection,  thus  proving  that  the  whole  circuit 

w  in  pood  electrical  condition  and  ready  for  firing.     If  it  be  desirad 

I  Id  firr  the  mine,  a  still  stronger  (firing)  battery  is  put   in  circuit,  the 

I  miKxA  from  whirh  first  closes  the  contact  through  the  fine  wire  coil, 

■Urxla  tlic  armature,  and  closes  the  circuit  through  the  thick  wire- 

flx], uid  explodes  the  mine.    If  at  anytime  therefore  the  mine  is 

I  itnk-k  by  ft  passing  vessel,  the  contact  disc  C  is  thrown  into  vibration, 

I  mA,  momentarily  touching  the  contact  springs  D,  it  completes  a  short 

•kmx  circuit,  by  means  of  the  wire  ir  between  the  contact   springs 

mA  ibe  eartli,  and  this  current   thus  short  circuited  is  sufBciently 

«tt«{r  !•>  drop  thi"  shutter  on  shore,  and  thus  indicate  that  the  mine 

II  tK«n  stnick,  and  the  oj>erator  cau  then  fire  the  mine  as  desired. 

LSus  mino  nin  be  arranged  aa  an  electro-contact  mine,  that  is,  to 

e  iiutAntaneonsly  on  being  struck  by  a  vessel,  by  »hort  circuiting 

I  key  on  shore. 

I  Bday  Circuit  Closer. — This  circuit  closer  has  been  lately 

1  the  Kngltsh  torpedo  service,  and  is  shown  in  vert  icul  section 

L  IXt  Fig.  1  :  ^  is  the  steel  base ;  B  a  steel  envelope  enclosing 

«Li<If  ftpparutus,  t.^.  the  circuit  closer  iiistniinent,  the  fuzes,  and 

lAe  fhminp  cli&rgo;   D  ia  a  platform  carrying  the  two  iiizes,  and 

||BMiiif;  clurgo  G.  supported  by  the  pillars,  throe  in  numlxT,  E,  E: 

tdrwiil  rloaer  inntnimrnt  shown  at  Fig.  2  consists  of  an  insulating 


hue  /  wappxUBz  *  tRp:«i  tamt  </  bns  ^ ;  from  the  mpex  of  this 
tripod  is  soipeikpifd  &  ffzzml  ^xm^  J^  and  bkeitu  bftll  of  biass  A ;  i  ia 
the  Ktev  £or  ^ijnstiitg  tke  t€ttacn  cf  die  %fkal  spring  s ;  on  the  base 
/are  fixed  two  Armnrocg  rIhts  r,  r.  Fig.  3,  jdaced  ftt  right  angles  to 
one  another.  These  rdari  eottsnl  cf  a  horseshoe  magnet  within  the 
enclosed  space  of  which  is  placed  a  ImAow  bobbiB  ci  wire,  and  piyoted 
within  the  bobbin  is  a  ton^iie :  for  the  idaj  r,  this  tongne  has  an 
npper  and  a  lower  ecntaet  c,  while  the  tongne  of  the  relaj  /  has 
only  a  lower  contact  e  ;  the  larger  relar  r  is  wound  with  wire  of  2000 
ohms  resistance,  while  the  smaller  relay  r  has  only  a  resistance  of 
5  ohms. 

The  inner  end  of  the  tongne  of  the  relay  /  is  attached  by  a  piece 
of  silk  e  to  the  inertia  ball,  so  that  in  the  erent  ci  the  ball  being 
caused  to  oscillate,  the  tongne  is  pnUed  into  omtact  with  the  contact 
piece  e\ 

At  Fig.  3  a  plan  of  the  insnlating  base  /  is  shown,  where  r  and  / 
are  the  two  relays  placed  at  right  angles  to  one  another.  A  plan  of 
the  circuit  closer  at  the  apex  of  the  tripod  is  shown  at  Fig.  4,  whero 
gyg,g,eiie  the  brass  arms  of  the  tripod,  E,EfE,  the  pillars,  and  h  the 
spiral  spring  adjusting  screw. 

The  mode  of  connecting  np  the  circuits  of  this  circuit  closer 
differs  for  contact  and  at  will  firing,  and  as  it  is  one  of  the  so-called 
*^  secrets,"  and  is  besides  unnecessarily  complex,  the  author  has  thought 
it  advisable  to  leave  out  any  description  of  it. 

McEvoy*8  improved  Inertia  Circuit  Closer. — This  McEvoy  ciicuit 
closer  has  been  especially  designed  to  resist  counter-mining,  f.e.  to 
withstand  the  shock  of  a  counter-mine  or  other  mine  exploded  in  its 
immediate  neighbourhood,  the  effect  of  which  is,  in  the  case  of  other 
circuit  closers,  to  cause  them  to  act  prematurely,  and  this  certainty  of  j 
inaction,  except  at  the  proper  moment,  is  secured  by  arranging  die 
inertia  weight  so  that  it  cannot  move  in  a  vertical  direction. 

This  circuit  closer  is  shown  in  PL  X.,  where  Fig.  1  is  a  sectional] 
elevation,  and  Fig.  2  a  plan  of  the  base  plug. 

A  is  the  metal  base  plug  attached  by  studs  to  the  steel  enrelo] 
(7,  C, :  B,  By  are  brass  columns  supporting  a  platform  D  :  Eia  the inc 
wiMght  suspended  from  the  platform  D,  and  adjustable  to  any  degn 
of  sonsitivoness  by  the  thumb-screw  and  spring  a :  an  electro-magn 
plncod  horizontally  is  fixed  to  the  ebonite  base  h,  having  its 
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tare  e  jHToted  at  d:  one  end  of  tliis  armature  has  au  adjusting  con- 
tact screw,  and  at  tLe  other  end  is  a  spring  and  set  screw  g,  to  bold 
the  fiinner  oflf  the  contact  piece  e :  the  armature  is  atUcIied  to  the 
inertia  weight  £  by  a  silken  cord  s  working  through  a  guide  bracket : 
^  fiuea  /,  /  are  connected  in  scries.  The  circuit  is  formed  as 
fallows:  the  liuhbin  wires  of  the  electro-magnet  arc  conucctcd  to 
Aa  tatmiuals  /.  (' :  an  iiisulated  wire  w  connects  terminal  (  with  the 
eo&tact  scifW  of  the  armature  o,  and  another  insulated  wire  ic'  oon- 
aeets  terminal  ('  with  the  contact  piece  e :  a  further  insulated  wire  to" 
coanecti  one  terminal  of  the  tuxea/.f,  to  the  terminal  t':  the  other 
termiDal  of  the  fuzes  is  put  to  earth  by  the  wire  k'"  :  the  core  of  the 
Bsin  cable  is  led  through  thewateMight  screw  joint  J^.and  connected 
to  the  terroiniU  i. 

Thr  nirrent  from  the  signalling  battery  (the  mine  being  at  rest) 

IWM  through  the  main  cable  wire,  through  the  high  resistance  of 

tbr<  Imbbins  to  the  terminal  t',  thence  by  the  wire  10",  through  the 

(av:*/,/,  and  to  earth  by  the  wire  w"'i  the  battery  being  also  put  to 

-^li,  this   completes   the   circuit.      This  signalling   current   is   not 

-  rtul  enungh  to  cause  the  armature  c  to  be  drawn  down  in  contact 

I.  f,  or  lo  work  the  instniment  at  the  shore  station,  but  on  the  mine 

-iL*  struck  by  a  passing  vessel  the  inertia  weight  E  is  displaced, 

'ing   the   armature  c  to  be  pulled  down  in  contact  with  e :  this 

n  cireuitd  the  signalling  current  through  the  fuze  by  the  wires  10 

.  ir',  but  the  eorrent  is  of  such  a  strength  that  it  will  not  then  fire 

iaae*,  though  powerful  enough  to  ring  the  signal  bell,  and  drop 

*hutter  io  the  instrument  at  tlie  shore  station  ;  the  latter  operation 

.'inaticaUy  switching  in  the  firing  battery  current,  and  pxploding 

mine,  if  this  be  desired.     For  "  observation,"  or  "  at  will  "  firing, 

>i«crful  current  of  the  firing  battery  is  sent  through  the  bobbin 

*  irf  the  electro-magnet,  which  brings  the  armature  info  contact 

'■'.:  r,  aad  so  short  cirenits  this  current  through  the  fuzes  and  fires 


C— The  Fi^ze. 

la  any  system  of  submarine  mines  the  fuze  is  a  vital  function,  for 
I A  iu  f«itauity  of  action  the  value  of  the  mine  altogether  depends. 

An  cloctrical  fuzo  being  of  necessity  of  more  or  less  delicate  eon- 
I  Aactioo,  aitd  as  it  may  hare  to  remain  submerged  in  the  mine  fur 
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months,  or  even  years  where  no  ocnlar  examination  is  possible,  the 
greatest  care  is  required  in  the  designing,  constmetion  and  testing  of 
such  a  fuze. 

For  mining  purposes  generally  three  classes  of  electrical  fuzes  are 
employed,  depending  upon  the  nature  of  the  work  to  be  performed, 
and  the  nature  of  the  firing  current  generator,  but  as  for  submarine 
mines  the  low  tension,  or  platinum  wire  fuze  is  now  uniyersally 
employed,  it  alone  will  be  considered. 

Low  tension  fuzes  have  been  proved  by  experience  to  be  far  superior 
to  either  high  or  medium  tension  fuzes  for  all  the  purposes  of  sub* 
marine  mining. 

They  admit  of  individual  tests  at  any  time  to  determine  their  con- 
dition :  they  do  not  require  to  be  fired  by  currents  of  high  potential : 
they  are  free  from  danger  of  accidental  ignition  by  the  inductive 
action  of  currents  in  neighbouring  conductors :  and  lastly  they  may 
be  prepared  to  any  required  degree  of  sensitiveness  to  suit  the  parti* 
cular  work  they  are  required  to  perform. 

Necessary  Conditions. — The  following  considerations  as  to  the  re* 
quirements  of  a  perfect  electrical  fuze  for  submarine  mining  purposes 
are  taken  from  a  most  exhaustive  report  on  these  fuzes  by  General 
Abbot  of  the  Corps  of  Engineers,  U.S.A.,  which  forms  a  portion  of 
the  work  of  investigation  on  the  part  of  the  fortification  board  for 
developing  a  system  of  submarine  mines  for  the  defence  of  the 
harbours  of  the  United  States : — 

1.  The  two  insulated  conductors  required  to  convey  the  current 
should  be  flexible,  tough,  and  of  low  electrical  resistfince. 

Copper  wires  of  good  quality  in  size  of  No.  20  W.  G.  and  of 
unequal  length  (5  inches  and  7  inches  respectively),  best  satisfy  these 
requirements. 

2.  The  insulation  must  be  proof  against  deterioration  from  age^ 
which  is  best  fulfilled  by  a  closely  woven  wrapping  of  cotton  thread 
coated  with  parafiSn,  or  with  beeswax,  resin,  and  tar  boiled  together. 

3.  The  plug  must  be  a  non-conductor  of  electricity,  not  liable  to 
deteriorate  with  time  and  exposure  to  damp  air,  nor  to  corrode  tbs 
copper  wires. 

Beech  wood,  kiln  dried  and  coated  thickly  on  the  outside  wit*^ 
Japan  wax,  satisfies  these  conditions. 

4.  The  shape  of  the  plug  must  be  such  as  to  render  any  conta 
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ween  tbe  wires  impossible,  and  to  clamp  them  so  firmly  that  no 
cideQt*!  strain  on  the  free  ends  can  disturb  their  internal  adjustment. 

Tlie  conditions  us  to  a  perfect  bridge  will  be  separately  treated  of. 

The  siibiDorine  mining  department  of  each  country  employs  a  low 
tension  fnxo  of  special  construction,  diiferiug  one  from  another  in  size, 
Batorc;  and  length  of  bridge,  and  method  of  forming  the  body,  but  the 
prinoiplA  is  the  same  for  each  one,  and  therefore  the  description  of 
tiw  fuUowing  fnzes  will  suffice  to  explain  this  branch  of  submarine 


-  The  American  service  fuze. 
2.  Tho  English  service  fuze, 
-  &  Tho  McEToy  fuze. 
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imtrifan  Fuze. — The  section  of  a  fnze  which  according  to  General 

bot  best  folfilfl  these  fuur  conditions  is  shown  in  Fl.  XI.  at  Fig.  I ; 

ft*  ping  consists  of  three  parts,  viz.,  a  cylinder  a,  an  hollow  cylin- 

drie&I  cap  b,  and  a  disc  of  paper  C;  tho  cylinder  a  is  0'25  inch 

in  diameter,  and  0'7  inch  in  length,  grooved  longitndinally  on  ita 

vppositv   sides   to  receive  the  conducting  wires   ip,  if',   and   entirely 

maud  the  middle  a  cut  0  ■  05  inch  deep  and  0  ■  15  wide  is  formed  :  the 

"ires  with  their  wrappings  of  cotton  are  each  pressed  into  one  half  of 

1 1.-  longitudinal  grooves  until  they  reach  the  cut :  they  are  then  both 

l-nt  sharply  ronnd  to  tho  left  nearly  at  right  angles,  and  are  led 

Ituoagh  this  cut  until  they  have  passed  half  round  tho  cylinder  a, 

•iw'n  lb«y  arc  again  bent  at  right  angles  and  pressed  into  the  other 

Lklf  of  ihc  longitudinid  grooves.    Thus  each  wire  leaves  the  ping  in 

i)«-  tipFpodto  groove  from  which  it  entered,  and  at  no  jwint  can  they 

-^tne  into  contact  witli  each  other.     The  inside  ends  d.  d'.  arc  then 

'•.red,  icmiied,  and  cut  to  tho  proper  length  (about  0'  1  of  an  inch), 

■ad  preiareil  for  the  tixing  on  of  the  bridge:  tho  hollow  cylludrieal 

tfi  i  is  formed  with  a  strong  shoulder  at  ouc  end,  leaving  a  smaller 

l«  for  tbe  paseago  of  tho  free  cuds  of  the  conducting  wires :  this  cap 

made  to  closely  fit  tho  solid  cylinder  a,  and  the  latter,  smeared  with 

itf.  is  forced  into  it  until  tho  end  abnts  firmly  against  the  shoulder, 

;iing  a  small  rhamWr  round  thf  inside  ends  of  the  wires  d,  d,  to 

I  ivc  the  priming  e ;  6'  is  a  jmukt  disc  which  closes  this  chamber, 

i!  is  iM-Id  in  position  by  a  drop  of  collodion. 

The  dutunating  cooipositiou  /  is  contained  in  a  cap  g,  made  by 
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punching  a  disc  of  stout  sheet-copper  into  a  cylinder  form,  fitting  the 
plug  a  closely :  the  bottom  is  solid  and  contains  20  grains  of  deto- 
nating composition,  which  is  held  in  place  by  a  paper  disc  secured 
by  a  drop  of  collodion :  this  cap  is  1  inch  long,  and  0*4  inch  in 
diameter,  and  entirely  encases  the  chamber  of  the  plug,  to  which  it  is 
rigidly  attached  by  applying  a  pressure  at  two  opposite  points  near 
the  top  sufficient  to  indent  them  into  the  wood. 

The  faze  thus  formed  is  1*4  inches  long,  and  0*4  inch  in 
diameter.  As  soon  as  completed,  it  is  dipped  into  melted  Japan  wax, 
which  supplies  a  uniform  waterproof  coating  to  the  whole. 

For  submarine  mining  purposes  a  very  sensitive  fuze  is  not  neces- 
sary or  advisable,  because  its  bridge  should  be  capable  of  carrying 
without  a  dangerous  rise  of  temperature  the  currents  which  must  pass 
through  it  for  the  necessary  work  of  testing,  and  for  operating  the 
circuit  closer  or  automatic  apparatus. 

The  current  to  operate  the  automatic  apparatus,  and  for  testing 
purposes,  should  not  exceed  0*15  ampere  and  it  has  been  proved  by 
experiments  that  the  rise  of  temperature  at  the  bridge  is  nearly  pro- 
portional to  the  square  of  the  current,  then  taking  10  as  the  co-efficient 
of  safety,  General  Abbot  deduces  the  following  formula  for  the  firing 
current : 

\/  10  X   (0-15)^'  =0-47  ampere. 

The  Bridge. — The  bridge  x  decided  upon  by  General  Abbot,  after 
a  series  of  very  careful  experiments  with  different  metals  and  alloys  of 
various  lengths  and  thicknesses,  is  as  follows :  the  metal  is  platinum 
alloyed  with  a  certain  percentage  of  iridium :  the  diameter  of  the 
wire  is  0*0025  inch:   the  weight  is  90  grains  troy  per  yard:  the 
length  is  -^^  of  an  inch :  the  electrical  resistance  is  3*25  ohms  per 
inch.    To  attach  the  bridge  to  the  inner  ends  of  the  conductors  con-  . 
tained  in  the  chamber  of  the  plug  the  following  method  must  be 
closely  followed :  the  ends  of  the  fuze  wires  must  be  slightly  notched : 
well  tinned :  attached  to  the  plug  :  and  finally  gauged  to  the  exact 
length  of  the  bridge  :  it  is  then  easy  with  the  aid  of  a  spirit  lamp  to 
secure  a  perfect  union  of  the  two  metals  (the  iridio-platinum  of  the  j 
bridge,  and  copper  of  the  wires),  and  a  uniform  electrical  resistance 
the  bridge  being  secured,  the  ends  of  the  fuze  wires  must  be  slight], 
bent  towards  each  other,  in  order  to  relieve  the  bridge  from  ai 
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posnlde  stnun  even  if  the  wood  should  chnnge  its  form  by  warping  or 
ibrinkiog.  Tlie  plug  is  then  ready  for  insertion  into  the  c-ap  con- 
fauoiDg  the  priming,  for  wbiuli  fulminate  of  mercury  has  Leon  found 
by  exjierience  to  be  most  saitablc. 

Permanency,  uniformity,  and  ignition  at  a  low  temi>eraturo  arc  the 
llireo  ewcntiul  requisites  of  a  good  priming,  all  of  which  are  pre- 
dbinootty  characteristic  of  fulminate  of  mercury. 

En^Iith  Service  Fuze. — The  ]ilatinum  wire  fuze  adopted  in  the  English 
8ervi<?c  is  shown  in  section  in  PI.  XI.  at  Fig.  2.  It  consists  of  a  head 
of  bvech  wootl  a,  hollowed  out,  in  which  a  metal  mould  (  is  fixed,  the 
%vpa  It,  ir",  which  have  been  previously  bared,  are  inserted  into  holes 
in  this  mould,  and  firmly  fixed  thereto  by  means  of  a  composition 
poVTcd  in  while  hot :  the  two  bared  ends  of  the  wires  d,  d'  which  pro- 
ject bejond  the  metal  mould  are  conneuted  by  a  bridge  x  of  iridic- 
(datintun  wire  (0-003"  diam.  and  0-25"  long).  This  bridge  is  formed 
u  follow* :  a  very  fine  sbulJow  groove  is  made  in  the  flat  ends  of  the 
Urc  wires  d,  d'.  and  the  piece  of  iridio-platinum  wire  is  laid  across  in 
lh«e  incisions  and  fixed  tlicre  by  means  of  solder.  A  tube  g  made  of 
tin  IB  soldered  to  a  brass  80(^k?t  and  fixed  to  the  ebonite  head,  a,  by 
DHttDs  of  rciu«»t :  in  this  tube  is  placed  the  fulminate  of  mercury,  tho 
o(KD  <u)d  of  this  detonator  being  closed  by  a  pellet  of  red  lead  and 
liwIUc  ramish  :  around  tho  bridge  x  of  the  fuze  is  placed  some  looso 
^n-cuttou. 

iteEroi/'s  Faze. — This  form  of  low  tension  fuze  is  shown  in  PI,  XI. 
-!  Fig.  3.  It  consists  of  the  head,  a,  formed  of  a  mixture  of  ground 
.laas  and  Portland  cement,  worked  up  with  sulphur  as  a  base:  this 
■-uturo  when  hot  is  poured  into  a  mould  in  which  the  two  insulated 
■'  .re«  r,  *r'  have  b<?ien  previously  laid :  when  cold  the  mixture  with 
■ii-  Kut-s  affixed  is  removed  from  the  mould,  and  the  bridge  x  of 
r^iio-platianmwire  (0-002"  diftni.andO'3"  long), scciircd  to  the  bared 
:i'l«  d,  ff  of  the  copper  wires,  and  tho  whole  is  then  firmly  fixed  in  a 
liruB  socket  c  by  means  of  cement :  the  space  e  is  filled  with  looso 
Irj-  gnu-cotton,  so  as  to  surround  the  bridge  x :  a  cfjpper  tube  ff,  closed 
•1  me  end,  is  partly  filled  with  tulminate  of  mercury,  and  when  the 
:-.it  it  required  for  service  this  detonator  is  fixed  to  the  brass  socket 
'  by  mums  of  cement. 

In  this  form  of  low  tension  fuae  there  is  no  liability  whatever  of 
uy  injory  being  caused  to  the  bridge  by  the  working  of  the  wires  in 
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the  head,  or  by  damp  even  after  l]ring  in  the  water  for  a  month  or 
more.  One  pecoliarity  of  this  faze  is  that  the  composition  is  ran  over 
the  insulated  wires  without  materially  softening  the  dielectric,  or 
afifectiag  in  the  slightest  degree  the  insulation  of  the  wires. 

D. — The  Cable. 

The  firing,  the  signalling,  and  the  testing  of  controlled  submarine 
mines  is  performed  by  means  of  currents  of  electricity  conveyed  to  the 
mines  by  copper  wires,  which  have  to  be  very  highly  insulated,  as 
they  lay  in  the  water,  and  armoured,  as  they  rest  on  the  bottom,  where 
they  would  be  subjected  to  continual  and  serious  chafing.  The 
insulated  copper  conducting  wire  is  termed  the  "core,*'  and  when 
protected  by  armouring,  &c.,  the  whole  is  termed  an  "armoured  cable" 
(electric) :  an  insulated  core  when  protected  by  outside  sheathing, 
but  not  armoured,  is  termed  a  "  cable "  (electric) :  both  kinds  are 
designated  by  the  number  of  insulated  cores  contained  in  them. 

Different  hinds  of  Cables, — A  system  of  defence  by  controlled  sub- 
marine mines  requires  the  employment  of  the  following  cables  : — 

1.  Single-core  armoured  cable. 

2.  Four-core  armoured  cable. 

3.  Seven-core  armoured  cable. 

4.  Single-core  circuit  closer  armoured  cable. 

5.  Single-core  (telegraph)  cable. 

6.  Four-core  (observation)  cable. 

Qtudifications  of  a  perfect  Cable.  —  The  qualifications  essential 
to  a  perfect  electrical  cable  for  use  with  submarine  mines,  are  as 
follows : — 

1.  Capacity  to  bear  a  certain  amount  of  strain  without  breaking. 

2.  Perfect  insulation,  or  at  least  as  nearly  so  as  it  is  possible  to 
obtain. 

3.  Capable  of  being  readily  stored,  and  kept  for  a  considerable 
time  without  being  injured,  i.e.  without  any  serious  loss  of  insulation 
resistance. 

4.  Pliability,  so  that  it  may  be  wound  on,  or  payed  out  from,  a 
moderately-sized  drum  without  injury. 
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I  O^aliility  for  rasting  on,  or  being  dragged  OTer,  rocky  or  ahingly 
«  without  injury  to  the  ineuhitton. 

of  the  Ijwilated  Core. — Before  dosoriliing  the  use  and 
Mtare  of  the  cabieH  f^numeriited  above,  the  nature  of  the  insulated 
KK,  which  is  the  same  for  all  the  cables  except  the  special  cireiiit 
flauiT  OHO,  will  be  explained,  as  contained  in  the  English  GoTerament 
»j>7ciS<-ution  for  enbinarine  mine  cables. 

Tli«  conductor  is  eomiwsed  of  seven  strands  of  tinned  copper  wires 
■■!  l^ft  iiuulity,  t.«.  its  conductivity  to  be  not  less  than  06  per  cent,  of 
■:il  of  pure  copper  at  a  temperature  of  75"  Fahr.,  the  wire  to  weigh 
'i  11m.  per  statute  mile;  this  conductor  is  then  insulated  with  three 
ci4l*  of  india-nibber  (of  best  (luality)  to  a  diameter  of  0-24  iuoh; 
ihi-  insolation  rcsi8tflni;G  to  be  not  less  tlian  1000  megohms,  at  a 
E'-mppnture  of  75"  Fahr. ;  this  core  is  then  taped  with  a  spiral  cotton 
:  I»^  coated  with  india-rubber:  lastly  the  whole  is  then  vulcanised 
I  j'-tber  in  a  compact  body. 

Reaistaoce  of  this  conductor  is  1*2  ohms  per  mile. 
Siiffia-eore  Armoured  Cable.  —  This  armoured  cable  is  used  for 
nnectiog  eadi  mine  of  a  group  to  its  junction  box,  or  as  the  main 
itito  in  the  "  branch  "  system  of  mooring  submarine  mines. 

Thf  iiii^ulated  core  is  ilrst  served  with  tarred  jute,  and  then  sheathed 
•  innuurvd  with  ten  best  galvanised  iron  wires,  No.  13  B.  W.  Ct,  ;  each 
■  rv  ie  corer«d  with  a  spiral  loop  of  prepared  cotton  tape  while  being 
;  t=*ed  tbtougb  a  bath  of  india-rubber  composition ;  the  whole  cable 
-  then  »erTed  orer  all  with  two  layers  of  tarred  Eussian  hemp,  and 
'  ^>x  cotttingB  of  prcserrative  compound.  A  section  of  this  cable  is 
■■■'wn  in  Plat*  XII.,  Fig.  2.  External  diameter,  0-74  inch;  breaking 
':ua,  I '75  Ions  ;  weiglit  per  statute  mile  in  water,  1'175  tons.  This 
lilts  is  suppliud  un  drums  in  lengths  of  one  mile. 
Fvmr-tort  Artiwured  CaUe. — This  armoured  cable  is  more  particu- 
<--Iy  inletuliKl  fur  use  between  two  observing  stations  wben  Beporatcd 
;  w*teT,  but  it  may  also  be  used  as  the  main  cable  of  a  group  of 


Ib  this  case  four  of  the  insnlated  cores  are  stranded  together,  and 
..■■>  «tnUHl  thai  fonn(Kl  is  served  with  tarred  jute,  and  then  taiicd 
If  with  {>rc|Hir(Hl  cotton  taiie:  it  is  after  this  sbeatheil  or  Hrmou^^l 
-ih  15  best  galvanised  iron  wires,  No.  11  B.  W.G.  (0*12  inch  diain.) : 
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each  wire,  while  being  passed  through  a  bath  of  india-rubber,  being 
coated  with  a  spiral  lap  of  prepared  cotton  tape :  the  whole  is  then 
served  over  all  with  ^two  layers  of  tarred  Russian  hemp,  and  three 
coatings  of  preservative  compound.  A  section  of  this  cable  is  shown 
in  PI.  XII.  at  Fig.  3,  external  diameter  1*07  inches:  breaking  strain 
4  *  25  tons :  weight  per  statute  mile  in  water  2  - 16  tons.  This  cable  is 
supplied  on  drums  in  lengths  of  one  mile. 

Seven-core  Armoured  Cable, — This  armoured  cable,  usually  desig- 
nated '^  multiple  "  cable,  is  used  for  connecting  the  mine  station  on 
shore  with  the  jimction  box  of  every  group  of  7  mines. 

In  this  case  seven  of  the  insulated  cores  are  stranded  together,  and 
the  strand  thus  formed  is  covered  and  sheathed  in  the  same  manner 
as  previously  described  for  the  four-core  cable,  with  the  exception  that 
16  best  galvanised  iron  wires.  No.  9  B.  W.  G.  (0  •  148  inch  diam.)  instead 
of  15  wires  of  No.  11  B.  W.  G.,  as  in  the  case  of  the  four-core  cable. 
A  section  of  this  cable  is  shown  in  PI.  XII.  at  Fig.  4,  external 
diameter  1*35  inches:  breaking  strain  7*0  tons:  weight  per  statute 
mile  in  water  3  *  78  tons.  This  cable  is  supplied  on  drums  in  lengths 
of  one  mile. 

The  nature  of  Ihe  protection  provided  for  the  foregoing  cables 
is  that  which  is  described  in  the  English  Gt>vemment  specification  for 
mine  cables. 

Circuit  Chser  Flendble  Cable. — This  single  core  flexible  armoured 
cable  is  specially  designed  for  connecting  the  circuit  closer  case  with 
its  buoyant  or  ground  mine  case  in  connection  with  the  ''  combina- 
tion "  system^  and  for  this  purpose  it  needs  to  be  most  flexible,  and 
yet  of  great  strength.  The  single  core  cable  described  on  page  57 
was  previously  used  for  this  purpose,  but  owing  to  the  stififness  of  its 
armouring  it  was  often  broken  ofif  at  the  circuit  closer  case,  due  to  the 
considerable  motion  set  up  in  the  latter  by  the  waves. 

The  cable  about  to  be  described^  has  been  designed  and  is  con- 
structed by  the  Silvertown  Telegraph  Works  Co.  The  conductor  is 
composed  of  36  strands  of  No.  30  W.  G.  best  galvanised  iron  wire : 
this  conductor  is  then  insulated  by  india-rubber,  and  by  being  taped 
with  an  india-rubber  coated  cotton  tape:  this  insulated  core  is  then 
braided  over  all  with  tanned  jute,  and  sheathed  or  armoured  ynlSk 
7  strands  of  special  steel  wifes :  each  strand  is  composed  of  7  wir€ 
No.  20  W,  G. :  the  whole  is  then  coated  with  preservative  compoofl 


SUB-MARINE    MINE    CABLES 


PI-  XII 


■fi^.  /  C® 


^'^■'  {lm> 


Jf'>-  3 


^»y  .  * 


Our,  la} 


Mine  C&blaa.— ICothod  of  Preaorvation. 


59 


wmd  with  Bnntoo  hemp  cords,  and  again  compounded.  A.  section 
of  thii  caUe  is  shown  in  PI.  XII.  at  Fig.  I,  external  diameter  0'7S5 
ioA:  bceaking  strain  4*5  tons,  or  2^  times  more  than  for  the  ordinary 
■ogle  cote  anuoiirod  cable:  weight  per  statute  mile  in  water  1"125 
loos.    This  cable  is  supplied  on  drumx  in  leugths  of  1,000  yards. 

Sinyleeore  Cable. — This  unarnioured  cable  is  intended  for  con- 
;  mine  stations,  forts,  drc,  together  for  telegraphic  purposes, 
1  is  only  to  be  laid  underground.    It  consists  of  one  insulated  core, 
r  to  that  doscribe*!  on  page  57,  protected  by  a  covering  of  tarred 
henp. 

External  diameter  0*5  inch:  breaking  strain  9  cwts. :  weight  per 
■tatule  mile  in  air  4*2  cwts. 

FQUT'tvre  C-aUe. — Thia  unarmonreil  cable  is  used  for  the  purpose 
iif  nmni>cting  (electrically)  two  observation  stations  when  they  are 
not  separated  by  water. 

It  onuuts  of  fl  strand  of  4  of  the  inauluted  cores  before  described, 
and  is  protected  by  a  padding  of  hemp  and  two  servings  of  tarred 
Li-oip  htid  spirally  in  opposite  directions.  External  diameter  0-7  inch: 
brmkiug  strain  0*0  ton  :  weight  per  statute  mile  in  air  0-8  ton.  For 
tbia  sc-rrioe,  where  the  occasion  poriuits  of  the  extra  expense,  it  is 
l«ay«  lifst  to  uso  tho  four-core  armoured  cable. 

Speeiul  Calk. — For  connecting  the  submarine  mines  attached  to 
■-■ma  and  other  obstruction,  the  insuhited  core  might  form  the  core 
:'  .ta  ordinary  hemp  hawser ;  when  by  reason  of  its  appearance  it 
..gbt  be  readily  mistaken  fur  an  ordinary  rojie,  and  so  would  moat 
.  r"h«l»Iy  iie.  cut  by  those  attciuptiug  the  removal  of  tho  obstruction  : 
—r  «fli<ct  of  thus  severing  the  electric  core  might,  by  previous 
-mmgemcnl,  cause  the  explosion  of  the  mines,  or  afford,  by  the  inter- 
r-.'i'iioa  of  the  current,  information  to  the  defenders  that  the  obstruc- 
a  was  bi-ing  tampered  with. 

Id  farming  the  rope  on  the  insulated  core,  great  care  must  be 
n<9risuil  to  prevent  any  serious  amount  of  torsion,  or  tension  being 
lt««ght  tm  the  core,  or  otherwise  its  insulation  might  be  damaged. 

i*io»  of  EUdrieal  Mine  CaUea. — A  mine  cable  when  stored 
4iy  shoald  be  most  thoroughly  dried  beforehand  ;  if  stored  in  tanks  it 
Mkpold  always  be  kept  under  water,  the  temperature  of  which  should 
I  baoome  exeeasirc,  nor  sliouM  tbo  cable  be  cxjwscd  to  the  <lin>ot 
a  mn,  or  any  great  degree  of  heat.     The  cable  should  not  be 
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coiled  where  it  is  possible  to  arrange  otherwise ;  to  avoid  kinking,  the 
cable  should  be  reeled  from  one  drum  to  another,  and  payed  out  from, 
and  picked  up  on,  a  drum ;  on  no  account  should  the  cable  be  thrown 
overboard  in  a  coil  or  coils,  and  where  this  is  unavoidable,  as  in 
countermining,  the  flexible  armoured  cable  described  on  page  58 
should  be  used. 

Jointing  Electrical  Mine  Cables. — The  joining  together  of  two  sub- 
marine mine  cables  is  a  very  important  work,  and  great  care  must  be 
exercised  in  its  execution  to  secure  perfect  continuity,  and  perfect 
insulation  of  the  circuit. 

There  are  two  kinds  of  joints,  viz. :  — 

1.  Permanent, 

2.  Extempore, 
the  latter  being  the  kind  generally  resorted  to  in  connection  with  the 
jointing  of  cables  in  a  system  of  submarine  defence,  where  the  time 
and  means  for  the  use  of  the  former  are  not  generally  to  be  obtained. 

In  both  kinds  of  joints  the  following  rules  must  be  carefully 
adhered  to : — 

1.  In  laying  bare  the  conductor,  the  insulation  substance  (dielectric) 
should  be  warmed  and  pulled  oflf  so  as  to  prevent  any  chance  of  the 
conductor  being  damaged,  as  might  occur  were  the  dielectric  to  be 
cut  off.  If  this  rule  cannot  be  observed,  then  every  possible  pre- 
caution must  be  taken  not  to  nick  the  conductor  in  cutting  off  the 
dielectric. 

2.  The  junction  between  the  two  conductors  should  be  soldered, 
to  secure  perfect  conductivity ;  where  this  work  is  not  possible  then 
every  care  must  be  taken  to  insure  a  perfect  junction,  i,e.  the  two 
conductors  must  be  held  firmly  together. 

3.  The  conductors  before  connection  must  be  carefully  cleaned, 
and  the  hands  of  the  jointer  must  be  dry. 

4.  Grease  and  dirt  must  be  scrupulously  avoided. 

Permanent  Joint. — The  following  methods  and  instructions  for 
forming  such  joints  are  those  adopted  by  Messrs.  Siemens  Brothers  in 
connection  with  their  telegraph  cables,  and  will  be  found  generally 
applicable  to  all  insulated  mine  cables. 

A  joint  consists  of  two  parts,  first,  the  connecting  together  of  the 
two  conductors ;  and  second,  the  insulation  of  the  connection. 
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1  of  joming  together  two  comluftorafor  a  per- 
B  fi>nows ; 
f  Thp  aiTOoiiring,  and  the  other  protecttTe  coveriugs  of  the  insulated 
',  is  first  removed  and  turned  back  some  six  inches,  and  then  by 
iTif  application  of  heat  the  dieleotric  is  pulled  ofl'  so  as  to  barp  the 
'  IF  con'Inctora  some  three  inches  :  if  the  dielectric  be  cut  off,  curved 
*■  i!«o«  should  be  used,  and  the  cuttiug  sbouM  bo  made  in  the  direction 

Kthe  condufltor,  never  at  right  angles  to  it,  for  fear  of  injuring  it. 
Thou  cleau  the  wires  forming  the  strand  with  file-car*!  and  emery- 
i-fnu,  und  soMer  them  into  a  solid  bar  fi>r  a  length  of  about  ons 


Hnring  soldered  the  wires,  forming  the  ends  of  tlie  two  lengths 
1  ''•jndncturs  to  be  joined,  into  two  solid  rods,  file  each  of  them  off 
n  a  sUotiog  maimer,  bo  that  they  will  form  a  scarf-joint  when  put 
:' -.'ether 

Placp  tUo  two  ends  of  strand  in  the  two  small  vices  on  a  stand 
ahiL-h  is  Btipplied  for  the  purpose,  so  that  the  two  scarfed  ends  overlap 
adi  cither,  and  bind  them  round  with  a  piece  of  fine  black  iron  wire, 
in  the  ibape  of  a  spiral,  so  as  to  keep  the  ends  close  together,  then 

H*-'''*r  the  two  enils  together  by  applying  a  hot  soldering  iron. 
hon  remoTo  the  iron  binding  wire  and  cleau  up  the  joint,  filing 
I  tinoecessar}'  solder. 
Text  nuko  a  band  of  four  fine  tinned  copper  wires,  and  bind  them 
If  aide  by  side  round  the  joint,  covering  the  whole  length  of  the 
,  And  then  solder  the  band  and  joint  solidly  together. 
•hen  moke  another  band  of  four  fine  tinned  copper  wires  and  bind 
•I  m  ronnd  the  joint  in  the  same  manner  as  before,  but  extending 
^/Bt  &  quarter  of  an  inch  beyond  each  end  of  the  other  binding  wire, 
'.:.'■  puts  only  of  this  second  binding  which  project  beyond  the  end  of 
■•  Ant  binding  are  to  bo  soldered,  so  thot  the  centre  part  remains 
■^eaad  may  keep  up  a  connection  between  the  two  ends  by  forming 
.  ■^nnl  between  them  in  the  event  of  the  scarf  giving  way  and  the 
'  •!  eods  »f  the  conductor  separating  slightly. 
Thii  fumi  of  joint  is  called  the  "spring"  joint. 
The  finished  joint  should  1»  washed  with  spirit  of  .wine  and 
nulked,  M  lU  to  take  away  ull  particles  of  soldering  flux,  and  to  avoid 
^.iiiatioo  of  tlif  wire.    The  washed  joint  should  then  be  dried  with  a 
.«■  of  cUith  and  exposed  to  the  flame  of  n  spirit  lamp  to  dry  it 
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thoroughly.  A  cable  conductor  ought  never  to  be  jointed  with  the 
help  of  soldering  acid,  but  with  that  of  resin,  sal  ammoniac,  or  borax 
only,  so  that  any  chance  oxidation,  and  consequently  destruction,  of 
the  conducting  wire  may  be  avoided. 

There  are  other  modes  of  jointing  conductors,  such  as  the  twisting 
and  scale  joint,  but  the  foregoing  method  will  sufficiently  explain  this 
part  of  electric  cable  work. 

In  an  india-rubber  insulated  core  the  insulation  of  the  connection 
between  the  two  conductors  is  formed  in  the  following  manner :  Clean 
the  insulator  with  cloth  moistened  with  mineral  naphtha,  so  as  to 
leave  a  clean  adhesiveness  only ;  taper  the  insulating  material  down 
to  the  conductor.for  about  two  inches  on  each  side  of  the  conductor- 
joint  with  a  pair  of  curved  and  very  clean  scissors. 

The  tapering  must  be  completed  in  such  slanting  way  that  the 
different  layers  of  the  dielectric  are  so  far  exposed  as  to  enable  a  secure 
laying  on  of  the  new  jointing  material. 

India-rubber  core  consists  chiefly  of  three  layers  of  insulating 
material :  the  first  layer  next  to  the  strand  is  called  the  pure  or  brown ; 
the  second  layer  is  the  white  or  separating ;  the  third  layer  is  the  light 
red  or  jacket  rubber. 

Coat  the  conductor  with  a  pure  (brown)  rubber  tape  tightly  laid 
on  in  a  spiral  form,  commencing  at  the  spot  where  the  separator  (white) 
ends,  across  the  corresponding  place  on  the  opposite  side  of  the  joint 
and  back  again  in  a  contrary  direction.  The  ends  are  fastened  down 
by  pressing  a  clean,  heated  searing-iron  or  a  heated  knife  on  them. 
By  doing  so  the  band  will  stick ;  the  remaining  portions  of  the  band 
to  be  cut  off  with  the  scissors. 

Lay  on  tightly  the  separating  india-rubber  tape  in  the  same 
manner,  but  beginning  where  the  jacket  or  outer  layer  of  rubber  ends. 
One  lap  will  be  sufficient. 

Complete  the  insulation  by  lapping  on  tightly  two  layers  of  red 
india-rubber  tape  :  the  last  lap  must  cover  each  end  of  the  core  to  four 
inches  on  each  side  of  the  conductor-joint,  or  extend  to  the  searingi 
but  not  beyond  it. 

Lay  on  three  tight  bindings  of  the  cloth  tapes,  all  in  the  same 
direction,  care  being  taken  to  avoid  wrinkles.  The  ends  of  the  cloth 
tapes  Are  cemented  down  with  a  thin  coating  of  india-rubber  cement. 

Immerse  the  joint  in  the  jointing-bath  at  150°  to  200°  P.  and 
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fmdoaUj  niae  the  heat  bo  tb&t  in  half  &d  hour  the  temperatnra  will 
be  820°  F.,  at  which  temperature  keep  the  joint  for  twenty  minutes : 
tiien  take  it  oat  and  let  it  cool  in  the  open  air. 

h  a  QvHa  -  Perchii  Iiuulaled  Cahle. — The  following  method  is 
jtKiMATj  :  Clean  and  dry  the  joint  well  and  coyer  the  bare  conductor 
*iih  «  thin  layer  of  compound.  This  is  l^st  done  by  heating  a  amall 
ilJrk  of  mmpound  to  nearly  its  melting  poiut,  and  rubbing  it  over  the 
lafB  coodnctor,  which  has  been  previously  heated  with  the  flame  of  a 
^rit-lamp. 

Urat  the  gutta-percha  covering  of  both  eiida  gently  until  it  is 

(jnite  soft,  without,  however,  musing  it  to  bubble  or  bum.     Draw, 

thi  n,  with  the  fingorB,  the  gutta-percha  coverings  of  both  ends  down, 

'■{erring  them  off  until  they  meet  in  the  middle  of  the  joint;  heat 

lu  idflicicutly  to  make  them  adhere  together. 

Ap]>ly  »  layiT  of  compouud  ou  the  tapered-off  gutta-percha  iu  the 
(•me  manner  as  described  for  coating  the  bare  conductor,  and  cover 
It  »ilh  a  first  coating  of  gutta-percha  sheet  to  about  half  the  thickness 
'^■rcaaarj'  to  finish  the  joint.  This  is  done  by  healing  a  small  sheet 
'  »fltta-perchn,  of  about  one-eiglith  of  an  inch  in  thickness,  until  it 
■  ([iiite  Boft,  and  by  pressing  it  in  that  state  round  the  joint  to  the 
■luirrd  »ize;  the  greatest  care  to  be  taken  to  expel  all  the  air. 

The  pn>j(vting  lips  are  then  cut  off  with  a  pair  of  curved  scissors. 
'■''^•-  •t-ant  thus  produced  is  to  bo  rubbed  with  a  hot  iron  until  it  is 
'  fiiplftcly  elosed  and  the  joint  well  rounded  off. 

A|fj>ly  aDothcr  layer  of  compouud  and  h  secoud  layer  of  gutta- 
poc^  in  exactly  the  same  manner  as  descriljed  for  the  first  layer; 
tut,  howerer,  is  U\  be  taken  to  get  the  seam  in  this  second  layer  of 
jidte-peroha  not  oTcr,  but  as  nearly  as  possible  right  opposite  to,  the 
•'^UB  in  the  layer  underneath. 

The  whole  to  be  worked  as  cylindrical  as  possible,  and  to  a  size 
:  exowding  th«  original  core.     The  joint,  so  far  finished,  is  then 
)«  eooled  with  water  tmtil  the  gutta-percha  is  quite  consolidated. 
Another  nietho<l ;  the  ovcrlap])iug  gutta-|>erchu  joiut,  is  made  in 
' :. :  (iiUowing  Dianner : — 

Col  off  the  im>  ends  of  the  core,-  so  that  the  gntfa-percha  and  tlte 
n4actar-wire  wo  flush.  Warm  the  gutta-pereha  for  a  distance  of 
•'Ol  tbnw  inches  from  each  of  the  ends  with  the  flame  of  a  spirit 
^p.  and,  when  suffieteutly  soft,  push   it  back  until  it  forms  ao 
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enlargement.    The  two  ends  of  the  conductor  are  then  to  be  soldered 
according  to  instructions  for  making  joints  in  conductors. 

To  have  a  perfectly  clean  surface  of  the  two  gutta-percha  enlarge- 
ments, remove  all  impurities  by  the  way  of  peeling  them  with  a  sharp 
knife.  Warm  gently  both  knobs  and  the  copper  joint,  and  cover  the 
whole  length  of  the  bare  wire  with  compound,  planing  it  with  a  warm 
smoothing-iron. 

Draw  then  with  the  fingers  one  of  the  warmed  and  softened  knobs 
carefully  up  to  the  other  knob  or  enlargement,  leaving  on  its  way  a 
perfect  tube  of  gutta-percha  upon  the  wire,  decreasing  gradually  to 
the  thickness  of  the  copper  strand  towards  the  other  knob.  Any 
superfluous  gutta-percha  is  removed.  This  scarf  is  finished  with  a 
warm  smoothing-iron,  so  as  to  unite  it  to  the  compound  on  the  wire 
strand,  and  a  thin  layer  of  compound  is  also  put  over  the  scarf  in  the 
same  manner  as  before. 

The  other  knob  is  then  warmed  and  drawn  in  the  same  way  over 
the  tube  already  formed,  which  is  at  the  same  time  heated  suflSciently 
to  make  the  two  adhere. 

Apply  a  layer  of  compound  on  the  second  scarf  of  gutta-percha, 
covering  it  in  the  same  manner  as  described  for  coating  the  bare 
conductor,  and  cover  it  with  a  small  sheet  of  gutta-percha  in  the  same 
manner  as  described  above,  so  as  to  make  the  finished  joint  to  the  size 
of  the  core  as  manufactured. 

It  will  be  apparent  from  the  foregoing  description  of  the  formation 
of  a  permanent  joint  in  a  mine  cable,  that  men  specially  trained  in 
this  work  are  required,  as  well  as  special  tools  and  appliances,  and 
considerable  time,  and  as  all  these  essentials  will,  as  a  rule,  be  difficult 
to  obtain  in  submarine  mining,  the  use  of  extempore  joints  will  usually 
be  obligatory. 

Extempore  or  Temporary  Joints. — Many  species  of  extempore  or 
temporary  joints  for  both  armoured  and  unarmoured  cables  have  been 
from  time  to  time  devised,  among  which  may  be  described  the  follow- 
ing as  being  the  most  practical,  and  the  best  known  ones. 

1.  Tube  joint. 

2.  Mathieson's  joint. 

3.  McEvoy's  joint. 

4.  McEvoy's  armoured  cable  joint. 

Tvhe  Joint, — This  form  of  joint  is  a  very  useful  one  for  temporary 
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,  Bs  it  is  very  easily  and  quickly  formed,  and  yet  is  most 
ilectire  if  only  due  care  be  taken  in  its  formation. 

In  PI.  XIII.  at  Figa.  1  and  2,  a  section  and  general  view  of  tbis 
innt  is  tihown,  where  a  is  the  meclianical  joint  formed  betwocn  the 
llmo  DUDdoclora  /',  h' ;  e,  o  is  the  dielectric ;  d,  d,  the  india-rubber  tube ; 
1^ «,  the  aeizings ;  /,  the  half-cronn  seizing. 

To  make  this  joint,  about  two  inches  of  the  conductors  b,  b'  are  laid 
!•»,  cieant'd,  and  twisted  together,  the  ends  being  carefully  pressed 
iwii  by  meana  of  pliers,  thus  forming  the  joint  a  :  previous  to  this 

ruHctioa  of  the  two  conductors  being  miiJe,  an  india-rubber  tube  d,  d, 
ilraVD  otor  the  end  of  one  of  the  cables,  o  for  instance,  sufficiently 
ir  tu  eiublo  the  joint  n  to  bo  made,  and  then  it  is  drawn  back  over 
lis  joint  a  and  the  other  cable  c',  and  seized  by  twine  e,  e,  to  the  two 
s  u  shown  in  Fig.  1 ;  a  half-crowu  bend  is  then  formed,  the  two 
ts  of  the  cable  being  seized  together  as  at  /,  Fig.  2,  so  oa  to  bring 
My  ttnia  that  may  come  on  the  cable  on  the  seizing  /,  and  not  on 
be  joint. 

Malhiaoti't  Joint. — This  temporarj' joint  was  formerly  nsed  in  the 
bglkh  service,  but  though  it  has  now  I>een  superseded,  it  is  described 
'  u  a  great  number  of  them  are  still  in  use,  while  it  is  very  effective 
ifrfa  aomewbat  complicated. 

This  joint,  shown  in  section  in  PI.  XIII,  at  Fig.  3,  eonaista  of  Iho 
mute  cylinders  d,  and  J,  an  ebonite  tube  e,  e,  an  outer  ebonite 
a  &.  A,  and  two  vulcanite  rings/,/" :  the  ends  of  the  two  cables  c,  e 
t  first  bared  ready  for  jointing,  and  over  the  end  c,  the  cylinder  </, 
le«nit«  ring/,  tube  e,  e,  and  nut  k,  h,  are  slipi)od,  while  on  the  other 
i  e*  tho  cylinder  d',  and  vulcanite  ring  /  are  placed  :  the  joint  it 
l««(ni  tho  two  conductors  1, 1/  is  then  made :  this  being  done  tho 
•e  A,  A,  which  has  V-Bba|>od  ends,  is  then  drawn  over  this  joint  a. 
I  on  to  tho  cable  e' :  the  other  parts  are  then  brought  together,  and 
t  nnt  A,  A,  screwed  tightly  up.  The  centre  of  the  tube  e,  e,  is  of 
B  ■eetiou,  and  fits  into  a  hollow  of  similar  section  in  the  cylinders 
(W,  au  M  to  prevent  any  twisting  of  the  wires  during  the  process  of 
wing  up,  which  might  injure  the  joint  a. 

With  tliis,  and  all  other  temjxirary  or  extempore  joints,  it  is  most 
rimblo  to  fonn  a  half-crown  bend  in  the  cable  with  the  joint  in  the 

MeSroi^»JoiiU. — Thli  MoEvoy  iystrtu  of  jointing  affords  a  ready 
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and  most  effective  means  of  making  the  metallic  joint  between  the 
two  conductors,  as  well  as  of  insulating  it. 

This  joint,  shown  in  section  in  PI.  XIII.  at  Fig.  4,  consists  of  an 
ebonite  cylinder  d,  d,  two  ebonite  screw  plugs  6,  e\  two  discs  of  vulcan- 
ised india-rubber,  /,  /',  and  two  copper  washers  h,  h\  The  mode  of 
making  this  joint  is  as  follows :  Half  an  inch  of  the  two  conductors 
is  bared  and  cleaned:  then  over  the  core  c  is  placed  the  plug  e, 
cylinder  d,  and  disc  /:  while  over  the  other  end  c\  the  plug  c'  and 
disc  /'  is  placed :  the  bared  ends  of  the  two  conductors  are  then 
turned  back  over  the  copper  washers  A,  h\  respectively,  and  the 
metallic  joint  a  is  formed,  and  the  necessary  insulation  and  contact 
secured  by  screwing  the  two  plugs  6,  e'  into  the  cylinder  d,  d. 

McEvoifs  Armoured  Cable  Joint. — This  method  of  connecting  two 
armoured  cables  together  is  exceedingly  simple,  and  most  effective. 

A  section  of  this  joint  is  shown  in  PI.  XIII.  at  Fig.  5,  where  a 
is  the  insulated  metallic  joint  formed  between  the  two  conductors 
h,  V :  c,  c\  the  two  insulated  cores :  d,  d',  the  armouring  of  the  two 
cables :  e,  e,  a  hollow  brass  body :  D,  D,  an  outer  brass  cylinder  :  A,  A', 
two  brass  screw  plugs :  w,  m',  two  thick  brass  washers.  The  mode  of 
making  this  joint  is  as  follows :  The  plugs  A,  l!  are  placed  over  the 
ends  of  the  two  cables  c,  c\  and  the  armouring  is  unlaid  and  bent 
back  against  their  inner  faces,  as  at  n,  ri :  the  washers  w,  m'  are  then 
placed  over  their  respective  cores  c,  d  against  the  bent  back  ends  of 
the  armouring :  the  external  brass  cylinder  is  slipped  over  the  core  e, 
and  screwed  into  the  plug  A,  and  these  are  pushed  back  along  the 
armoured  cable  d  far  enough  to  allow  of  the  joint  a  being  made :  the 
body  e,  e,  is  then  placed  in  position  over  this  joint  a,  and  between 
the  two  washers  m,  m' :  the  plug  A,  and  cylinder  D,  2),  are  then  brought 
forward  over  the  body  e,  e,  and  the  other  plug  V  is  screwed  into  thia 
cylinder :  lastly,  both  plugs  are  screwed  up  tightly  by  spanners,  firmly 
jamming  the  bent  back  armoured  ends  between  the  brass  body  «, «, 
the  washers  w,  m',  and  the  plugs  A,  U. 

E»— The  Junction  Box. 

When  It  is  necessary  to  use  a  multiple  cable,  a  junctioti  box  is  tised 
to  facilitate  the  connection  of  the  several  separate  cores  of  such  a  cable 
with  those  leading  from  a  corresponding  number  of  mines^ 
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I  ThflKi  wa  also  required  two  kinds  of  conneottnff  boxes,  one  in  the 
L>  of  B  T  for  connecting  ap  the  electro-contact  mines  on,  what  is 
nvd,  tbe  branch  BjBteai,  and  the  other  form  is  used  for  connecting 
fethcT  two  mnltiiile  eabloa. 

eor«d  Multiple  CaUe  Janduyii  Box. — Plato  XIV.  shows  different 
a  <iC  ■  jonction  box  for  one  multiple,  and  seven  single-cored  cables, 
a  Fig.  1  is  the  cover ;  Fig.  2,  a  plan  ;  Fig.  3,  the  nipping  hook ; 
^  4,  an  elevation  ;  and  Fig.  fi,  a  section  of  the  Uix. 
Tbe  manner  of  aging  the  jiinetiou  box  is  as  follows: — 
The  tuiiltiplo  cable  is  pui  in  at  a.  Fig,  2,  and  secured  in  its  place 
if  mcaui  of  a  nipping  hoiik.  Fig.  it,  which  hook  passes  through  the 
hottum  (if  the  box,  and  is  set  up  by  a  nut :  b,  b,  b,  are  the  entrances  for 
tW  seven  ungle  cores  leading  from  the  seven  mines. 

The  seven  cores  of  the  multiple  cable  are  respectively  connected 
liy  iiualati^l  joints  with  the  seveu  mine  cables  within  the  junction 
Wu,  u(l  ench  of  these  seven  cabl^  is  held  in  its  place  hj  means  of  a 
nipping  hook  similar,  but  of  smaller  size,  to  that  used  for  the  multiple 
oUr,  and  fastened  iu  a  similar  manner.  When  all  the  connections 
tru  madv,  thv  lid,  Fig.  1,  is  placed  on  and  Urmly  secured  by  means  of 
tb*  »i-ifw  (•yo-bolt  B  and  nut  n. 

The  nipping  hookii  are  intended  to  take  off  from  the  joints  any 
-Iain  thiit  may  bo  brought  on  the  cables,  but  as  an  additional  pre- 
-nition  a  Turk's  bead,  or  crown,  is  also  formed  on  the  multiple  and 
j-h  of  tbo  mine  cables :  one  form  of  crown  is  shown  in  Fig.  8  at 
',  i'.  fl",  which  ia  made  by  turning  back  aud  serving  over  the 
'^■aoaring.  The  junction  Ijox  is  lowered  to  the  ground  by  means 
I  a  ^iDch  chain,  or  2-inch  wire  rope  secured  to  the  eyo-bolt,  imd 
'''  tbe  other  end  to  a  buoy  shaped  aa  much  like  a  buoyant  mine  as 
li  p-j^ibb-, 

MfEvoj/'t  Mrrhanicitl  Turk'g  Head. — A  far  moro  neat  and  quick 
nu-thoil  of  forming  a  Turk's  head  is  McEvoy's  mechanical  one  shown 
tx  Fig-  7,  which  consists  of  two  brass  collars  a  and  b,  the  one  b  fitting 
tad  trrewing  into  the  other  collar  a ;  the  armour  wires  of  tbe  cable  c 
m  taned  )»ck  and  cut  tu  fit  inside  the  collar  a  as  at  d,  and  the 
tiiUor  h  is  screwei]  up  against  this  fringe  of  wires,  and  firmly  jams 
then  ogotiut  the  iuside  of  the  bead  of  the  collar  a. 

CoMweTftijr  Box/or  MvUiph  Cable— la  PI.  XIV.,  Fig.  6,  is  shown  a 
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sectiou  of  the  box  used  for  connecting  two  multiple  cables  together. 
This  box  consists  of  a  pair  of  cast-iron  boxes  similar  to  the  one  shown 
at  Fig.  6,  which  are  bolted  together  at  a,  a :  the  grooves  6,  6,  in  which 
the  multiple  cables  are  laid  are  just  large  enough  to  firmly  grip  the 
armoured  cables  :  the  interior  space  is  made  large  enough  to  hold  the 
seyen  joints  connecting  the*  seven  cores  of  the  two  cables :  a  crown  is 
also  formed  on  the  multiple  cable  as  explained  for  the  junction  box 
cables. 

The  connecting  box,  Fig.  6,  may  also  be  used  for  the  four-cored 
multiple  cable,  but  care  must  be  taken  to  make  the  crowns  of  suffi- 
cient size. 

T  connecting  Box. — The  T  connecting  box  is  used  with  the  system 
of  electrical  contact  mines  on  branches  from  a  single  main  cable. 

This  system  is  dependent  on  the  use  of  a  platinum  wire  fuze  in 
the  mine  in  connection  with  a  platinum  wire  bridge,  termed  a  "  dis- 
connector," or  "  cut  out,**  placed  in  each  connecting  box  in  the  circuit 
between  the  mine  and  main  cable,  as  shown  in  PI.  XIV.  at  Fig.  8, 
which  represents  the  section  of  a  T  connecting  box  with  the  cables 
c,  c\  c"  connected  together,  and  the  disconnector  d  :  this  box  is  made 
of  cast-iron  in  two  halves  and  bolted  together. 

Disconnector  ar  Cut  Out. — In  a  system  where  several  mines  are  con- 
nected up  to,  and  branch  oflf  from  the  same  main  cable,  an  apparatus 
must  be  placed  in  the  circuit  of  each  mine  between  its  cable  and  the 
main  cable,  and  of  such  a  nature  that  on  the  explosion  of  one  or  more 
of  these  mines,  it  or  they  shall  be  at  once  disconnected,  or  cut  out 
from  the  main  circuit,  or  otherwise  the  mine  or  mines  remaining 
unexploded  could  not  be  fired,  as  the  current  from  the  firing  battery 
when  put  in  circuit  would  short  circuit  through  the  broken  (bared) 
end  of  the  cable  of  the  mine  or  mines  exploded. 

It  will  be  seen  that  in  any  system  where  a  number  of  submarine 
mines  are  branched  oflf  from  a  single-cored  main  cable  the  "  cut  out,"  or 
disconnector  plays  a  very  important  part ;  for  unless  carefully  and 
scientifically  constructed  it  is  possible  for  the  "  cut  out "  to  destroy  the 
efficiency  of  the  system  in  two  ways,  firstly  by  acting  too  soon,  %.e. 
cutting  out  the  very  mine  it  is  desired  to  explode,  secondly  by  failure 
to  act,  by  which  the  remainder  of  the  mines  on  this  particular  main 
cable  could  not  be  exploded. 
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■,  ni]  "Abbot's"  Views  iis  to  "Uut  OuU."  tiO 

The  "  cnt  oitts "  hitherto  devised  act  on  one  of  two  principles : 
J  I  tbtf  tue  of  a  firing  current  strong  enough  to  deflagrate  a  fins 
[latindm  wire,  similar  to  the  bridge  of  the  mine  fnze,  either  siniul- 
i,inentulf  with  the  lattor,  or  shortly  after  it  has  esplwled :  (2)  the 
igoiting  of  a  wiap  of  gnn-cotton  attached  to  the  fine  wire  of  the  "cut 
I'Ht,"  csosing  enongh  gas  to  be  formed  to  remove  a  small  wooden  cap, 
and  thus  mechanicaJly  break  the  «ire. 

The  consideration  of  the  nature  of  a  "  cut  out "  which  should  in- 
rare  its  acting  at  the  proper  moment  formed  part  of  General  Abbot's 
iarrtitigationB  on  electrical  fuzes,  alluded  to  before,  and  the  result  of 
this  part  of  his  investigations  proved  that  "cut  outs"  constructed  on 
rilher  of  these  principles  were  more  or  less  unreliable. 

tiencral  Abbot  in  describing  his  method  of  investigating  this 
bMtich  of  electrical  fuzes  says: — 

" ronsidered  as  a  problem  of  heat  and  electricity,  the  best  solution 
fci'meil  to  me  to  depend  on  the  following  principles.  To  produce 
•imnltanous  rupture  at  two  different  points  of  the  same  circuit,  under 
thr-  iimpU-st  conditions,  these  points  should  be  physically  similar,  i.e. 
ilii'  cm  (.ff  and  fuze  should  have  the  same  kind  of  bridge  and  the 

■  iiuf  kind  of  priming.  When  prepared  with  care  the  range  of  varia- 
i.  in  in  these  quantities  may  be  made  very  slight;  but  since  it  cannot 
i*  al»itulely  eliminated,  the  influence  of  residual  differences  must 
U  Dciitr<i3i*ed.  Time  is  the  only  element  under  control  which  can  be 
i«ri»l  lo  effect  this  object.  Experiment  proves  that  when  tbe 
niinimnm  oarrent  required  for  igniting  a  fuze  is  passed  through  the 
'■  riil^!>,  the  riiw  in  temperature  occurs  gradually,  and  a  very  sensible 

■  I.e  •?lii]»eii  IWoro  it  Ijeeomes  hot  enough  to  ignite  the  priming; 
■".  thai  as  tbe  current  is  increased  this  time  is  diminishetl.     Even 

*!:>T  lilt'  requisite  temjiemture  is  reached,  time  is  still  i-cquired  to 
[■-rf'irm  tbe  mechanieal  work  of  explosion.  If,  therefore,  fcy  iwreaginff 
tl-r  rvrrcnl  tcithin  reasonable  limitg,  the  time  needed  to  raise  the  tempera- 
'  ■  rr  of  the  bridyt  to  the  requitite  degree  can  he  made  less  than  the  mini- 
'■»  nqvind  to  perform  the  mechanieal  xvork  of  lite  explosion,  the 
rvbh-m  Mlmit«  of  a  satisfactory  and  certain  eonclusion." 

A  lai^o  nnmlier  of  experiments  were  carried  out  by  General  Abbot 
■-'  [iTOie  that  this  theoretical  result  could  he  obtained  in  actual  prac- 
'iv;  two  kinds  of  "cut  out"  fuzes  were  used,  (I)  the  American 
-  rriw  fine  di-scribcd  on  jiage  53 ;  [2)  a  fuze  with  a  bridge  of  platinum 
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silver  wire,  i  inch  long,  and  0*0015  in  diameter;  priming,  fulminate 
of  mercury  ;  current  to  explode  a  single  fuze  0*28  ampere;  current 
to  deflagrate  the  bridge  0  •  55  ampere. 

The  fuzes  experimented  upon  were  connected  up  in  series,  and  the 
results  proved  that,  "  with  fuzes  primed  with  fulminate  of  mercury,  a 
current  somewhat  less  than  three  times  the  minimum  required  to 
explode  a  single  fuze  is  sure  to  fire  all  in  the  circuit."  The  following 
table  is  a  summary  of  these  experiments. 

With  "  cut  out"  similar  to  the  American  service  fuze : 

Corrents  varying  from  Per  cent. 

Amperes.  fail. 

0-8  to  1-0  50 


1-0  to  1-2 
1-2  to  1-3 
1-3  to-l^ 
1*4  1o  1-5 
1*5  and  moro 


28 
8 
3 
1 
0 


Ameri<xin  Service  Cut  Out. — The  American  service  "cut  out"  or 
"disconnector"  then  consists  of  a  low  tension  fuze  identical  with 
their  mine  fuze,  which  has  been  described  on  page  53,  except  that  the 
detonating  cap  is  not  required  in  a  "  cut  out "  fuze. 

English  Service  *' Disconnector'^ — In  this  "disconnector"  the  bridge 
is  arranged  to  be  deflagrated,  but  if  the  firing  current  should  fail  to 
cfiect  this,  it  is  provided  with  a  mechanical  means  whereby  its  bridge 
will  be  broken.  The  disconnector  bridge  is  made  of  platinum  wire 
0*4  inch  long,  0*003  inch  in  diameter;  while  the  bridge  of  the  mim 
fuze  is  made  of  platinum  wire  0*3  inch  long;  the  object  of  this 
difierence  in  length  of  the  bridges  of  the  mine  fuze,  and  its  discon- 
nector is  to  ensure  their  simultaneous  fusion. 

An  additional  means  of  destroying  the  bridge  of  the  disconnector 
is  afibrded  by  a  small  boxwood  cover  placed  over  the  bridge  with  an 
ebonite  pin  passed  through  this  cover  below  the  bridge :  in  this  cover 
some  gun-cotton  priming  is  placed  in  amount  just  sufficient  to  blow  off 
the  boxwood  cover,  and  carrying  the  ebonite  pin  with  it  breaks 
through  the  platinum  wire  bridge.  A  section  of  this  disconnector  is 
shown  in  PI.  XIV.,  at  Fig.  9,  where  a  is  an  iron  dome  or  cover  which 
screws  on  to  the  ebonite  body  h  of  the  apparatus,  and  which  when 
screwed  firmly  down  is  made  water-tight  by  a  washer :  w^  w^  are  insulated 
wires,  one  of  which  is  jointed  to  the  branch  or  mine  cable,  and  the 
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Other  one  to  the  main  cable :  c?,  d!  are  two  copper  conducting  wires, 
No.  16  W.  G.,  passing  through  the  ebonite  body  h  into  the  interior  of 
the  dome  a :  these  wires  are  held  together  in  the  centre  of  the  dome 
by  means  of  a  composition  which  also  insulates  them  one  from  the 
other :  x  is  the  platinum  wire  bridge  :  /  is  the  boxwood  cover  which 
fiU  on  to  the  ebonite  body  J. 

In  connection  with  every  kind  of  '*  cut  out "  it  is  most  important 
to  insure  the  case  containing  it  being  absolutely  water-tight. 

F.    The  Moorings. 

The  efficient  mooring  of  submarine  mines  is  one  of  the  most 
troublesome  and  most  difficult  functions  of  a  system  of  harbour  defence 
by  such  moans,  not  only  in  the  actual  work  of  planting  them  in  the 
exact  positions  assigned  to  them,  but  even  more  so  in  maintaining  the 
mines  in  these  positions  for  long  periods  of  time  under  the  ordinary 
a^lverse  conditions  of  strong  currents,  or  tides,  rise  and  fall  of  the 
latter,  and  rough  weather. 

The  essential  points  to  be  considered  in  mooring  mines  arc : 

a.  3Iaintenance  of  position. 
h.  Retention  of  effective  depth. 

c.  Prevention  of  injury  to  the  electric  mine  cables. 

d.  Prevention  of  entanglement  of  two  or  more  mines  together, 
e?.  Invisibility. 

The  three  points,  t^  d,  and  e,  are  common  to  all  classes  of  submarine 
mines,  while  the  last  one,  "  invisibility,"  together  with  the  second  one, 
••  retention  of  effective  depth,**  are  the  only  ones  that  present  any 
tronble  in  securing,  and  these  only  in  places  where  the  rise  and  fall  of 
tide  is  exceptionally  great,  as  for  instance  at  Noel  Bay,  in  the  Bay  of 
Fundy,  where  it  is  some  fifty  feet ;  thus  contact  mines  planted  here 
20  feet  below  the  surface,  at  high  water,  would  at  low  water  be  visible 
and  floating  on  the  surface  with  30  feet  of  slack  mooring  rope :  while 
if  moored  so  as  to  be  just  out  of  sight  at  low  water,  they  would  be  some 
50  feet  below  the  BUi£Etce  at  high  water,  and  consequently  useless  as 
tomiaei  mines. 

Many  attempts  have  been  made  to  overcome  this  trouble,  but  as 
jet  no  really  practical  nietbod  has  been  devised,  and-  in  fact  the  only 
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way  of  overcoming  this  diflSculty  is  the  crude  one  of  arranging  the 
lines  of  mines  so  that  the  mines  in  one  or  more  of  the  lines  shall 
always  be  at  the  right  depth  below  the  surface  of  the  water  at  every 
state  of  the  tide :  the  outer  mines  being  in  right  position  at  low  water, 
and  inner  ones  at  high  water,  so  that  the  latter,  though  exposed  at  low 
water,  are  yet  protected  by  the  outer  ones,  which  would  then  be  at 
their  proper  depth  and  invisible. 

BueJc's  System  of  Mooring. — The  following  is  a  brief  description  of 
the  invention  of  Captain  Buck,  R.E.,  for  maintaining  submarine 
mines  or  other  floating  bodies  at  a  constant  or  nearly  constant,  depth 
below  the  surface  of  the  water  in  places  where  there  is  a  rise  and  fall 
of  tide. 

The  anchor  is  provided  with  a  pulley,  and  to  the  mine  mooring 
rope  a  length  of  chain,  graduated  in  size  and  weight,  is  attached 
passing  through  the  pulley,  and  secured  to  a  counterpoise:  this 
counterpoise  consists  of  either  a  metal  case  open  at  the  bottom,  or 
closed  by  a  flexible  waterproof  diaphragm,  or  of  a  compressible  water- 
proof bag  completely  closed,  and  properly  weighted. 

The  principle  of  the  invention  is  as  follows  : — 

Supposing  the  time  to  be  that  of  low  water,  as  the  water  level  rises, 
the  pressure  on  the  air  in  the  counterpoise  increases,  more  water 
therefore  enters  through  the  aperture  at  the  bottom,  or  in  the  case  of 
a  collapsing  bag  the  volume  of  air  becomes  smaller,  hence  the  buoy- 
ancy of  the  counterpoise  will  decrease  and  it  will  sink :  as  it  sinks 
however,  the  chain  will  pass  round  the  pulley  and  the  floating  body 
will  rise ;  a  certain  weight  of  chain  will  then  be  suspended  from  the 
floating  body  instead  of  from  the  counterpoise  and  a  new  position  of 
equilibrium  will  then  be  taken  up — another  rise  of  water  level  will 
produce  a  similar  result  and  thus  the  floating  body  will  rise  as  the 
water  level  rises — as  the  water  level  falls,  the  inverse  action  takes 
place  and  the  floating  body  falls  whilst  the  counterpoise  rises. 

By  calculating  the  weights  of  chain  for  every  foot  of  rise  of  water 
level,  the  system  can  be  so  arranged  that  the  floating  body  will 
maintain  a  constant  depth  below  the  surface  whilst  the  water  level 
fluctuates. 

This  arrangement  might  possibly  prove  efioctive  in  practice,  but  it 
appears  to  offer  the  risk  of  entanglement  between  the  counterpoise  and 
mine,  and  also  the  possibility  of  the  chain  becoming  jammed  iu  the 
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pnllejr.  which  latter  result  would  cause  the  mine  to  be  either  too 
^deeply  immersed,  or  to  float  on  the  surface  at  certain  periods  of  the 

^r    ifainUnaiKe  of  Position, — Thefirst  point,  "maintenance  of  position," 

11  «n  important  one  iu  relation  to  the  mooring  of  mines  intended  to  be 

firvd  by  observation,  in  fact  the   eflectivoness  of  such  depends  in  & 

^nr«l  mrasuro  on  their  being  maintained  in  the  exact  positions  assigned 

■j^KBi,  or  otherwise  they  would  either  be  fired  too  soon  op  too  late,  i.e. 

HpAitr  Irtfore  or  after  the  hostile  vessel  bad  come  on  with  the  cross 

^%aftrinp«,  or  again  they  might  shift  to  the  right  or  left  of  their  normal 

[tMitiiHi,  whii'h  would  materially  reduce  their  destructive  effectiveness, 

u  this  latter  quality  of  a  submarine  mine   is   extremely   local:   for 

instance,   a  charge  of  50O  Iba.  of  gun-cotton  exploded   at  its   most 

rffi-ctirr   depUi   beneath   the   surface  of  the  water  has  a  destructive 

tudiaiof  only  some  31*7  feet. 

As  regarls  the  comparative  difficulties  attendant  on  the  planting 
<  f  the  different  classes  of  submarine  mines,  the  simple  ground  mine 
".mid  pn-sent  the  least  trooble  were  it  not  for  the  necessity  of  securing 
CTEBt  accnracy  of  jmsition,  as  it  has  to  be  fired  by  the  observation 
oetbod  :  the  tiectro-contact  mine  may  be  considered  as  the  moat  simple 
t,i  moor,  for  though  a  mine  and  anchor  has  to  be  planted,  yet  as  this 
•Itaa  is  tired  by  contact  alone,  it  does  not  require  to  be  moored  so 
[itT.<:iscly  exact  in  iho  position  assigned  to  it:  the  class  of  mine 
'  fr>nut;  the  j^^rcatvst  trouble  is  the  combination  buoyant  mine  when 
i:jtcnde"l  to  be  fircil  by  observation  as  well  as  l)y  contact,  as  each  one 
-i^sLitfi  of  an  anchor,  a  mine  case,  and  a  circuit  closer  case,  ami  besides 
.-»it  accuracy  of  position  is  essential. 

Various  methods  have  been  devised  for  mooring  submarine  mines, 
'  ui  iLf  most  eHective  is  the  single  steel  wire  mooring  roi)e  and  the 
rui  iif  anchor  illtifltrated  in  PI.  XV.,  as  confirmed  by  many  years' 
rjctirn]  experience  of  submarine  mining. 
Piffer«nt  Stf^enta  of  Moorimj. — In  PI.  XV.  is  shown  the  different 
■;i(t-m#  of  miwring  submarine  mines:  Fig.  1  represents  two  electro- 
ut^ct  mines  moored  on  the  branch  system  on  the  same  main  cable 

■  I':  M.  M  a  the  mine:  A,  A  the  anchor:  Ji,  B   tlie   wire  mooring 

■  J-:  *-,  V  the  mine  cable:  T,  T  the  T  connector  box  with  discon- 
.  -lur.  This  mode  of  mooring  has  been  devised  to  save  the  great  cost 
:*  a  moltiple  main  cable,  but  it  possesses  the  great  defect  of  not 
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providing  for  the  separate  testing  of  each  mine,  which  is  a  desideratum 
overshadowing  the  saving  represented  by  the  difference  in  the  cost  of 
a  multiple  and  single-core  armoured  cable. 

It  is  more  practical  to  place  the  seven  disconnectors  in  one 
multiple  junction  box,  instead  of  using  the  seven  T  connector  boxes. 
In  Chapter  VII.  this  question  is  discussed  at  greater  length. 

Fig.  2  represents  a  combination  buoyant  mine :  M  is  the  mine 
case :  G  the  circuit  closer  case :  A  the  anchor :  to  the  mine  cable 
leading  to  the  junction  box :  w*  the  circuit  closer  cable :  B,  B  wire 
mooring  rope  securing  the  mine  case  to  the  anchor,  and  the  circuit 
closer  case  to  the  mine  case  respectively. 

Fig.  3  represents  the  combination  ground  mine :  M  is  the  ground 
mine  anchoring  the  system :  G  the  circuit  closer  case :  w  the  mine 
cable  leading  to  the  junction  box :  w  the  circuit  closer  cable. 

Fig.  4  represents  a  method  of  mooring  electro-contact  mines  by 
which  to  prevent  their  being  knocked  about  when  laid  down  in  peace- 
time, by  the  constant  passing  in  and  out  of  the  harbour  of  friendly 
ships.  A  is  the  anchor  maintaining  the  mine  in  its  proper  position 
when  required  for  actual  service :  A  is  the  anchor  holding  the  mine 
down  close  to  the  bottom  by  means  of  the  explosive  link  N-.  M  is 
the  mine :  B,  B  the  wire  mooring  rope :  w  the  mine  cable :  the  mine 
is  brought  into  its  proper  position  whenever  desired  by  exploding 
the  link  N  through  the  wires  w\  w\  which  is  eflTected  from  the  mine 
station  by  means  of  either  a  second  insulated  core  in  the  mine  cable, 
or  with  a  single-core  cable  by  means  of  a  relay  in  the  mine. 

Another  plan  of  mooring  submarine  mines  is  that  patented  by 
Mr.  Sydney  Pitt,  which  has  for  its  object  the  retaining  of  the  mines, 
necessary  to  close  the  entrance  of  a  harbour,  in  store  until  the  moment 
of  their  being  actually  required.  This  is  effected  by  arranging  the 
mines  on  a  chain  cable  equal  in  length  to  the  distance  across  the 
mouth  of  the  harbour,  and  then  by  means  of  pulleys  on  each  side  and 
hauling  machines  dragging  this  cable  and  the  mines  connected  to  it 
across  the  space  to  be  defended.  Practical  demonstration  alone  can 
prove  the  feasibility  of  this  scheme. 
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CHAPTER  IV. 

CiEXER-VTIKG    MACHINES  AND  ELECTRICAL  MEASURING   INSTRUMENTS. 

A.  OtDeraling  Apparatus  —  1.' Frictional  Machines  —  2.  Voltaic  Induction  Machines — 
3.  Mflpieio-electric  Machines — 4.  Dynamo-electric  Machines — 5.  The  Laflin  and  Rand 
Machine — 6.  The  Siemens  Exploder — 7.  Voltaic  Batteries— 8.  Firing  Batteries  — 
9.  JJinple  Fluid  Chromic  Acid  Cell— 10.  Single  Fluid  Sulphuric  Acid  Cell— 11.  Ledanch^ 
011—12.  Boat's  Firing  Battery— 13.  English  Service-boat  Firing  Battery— 14.  Firing 
Battery  for  Self-acting  Mines— 15.  Secondary  Firing  Battery — 16.  Signal  and  Testing 
llutierics- 17.  Sulphate  of  Copper  Two-fluid  Cell— 18.  The  Watson  Signal  Battery- 
Id.  Minotti  Testing  Cell— 20.  Leclanche'  Signal  and  Testing  Cells— 21.  Standard  Cells 
— -U.  Measuring  Instruments — 22.  Siemens  Universal  Galvanometer — 28.  Three-Coil 
(r&lTanometcr — 24.  Detector  Galvanometer — 25.  Thcrmo-Gkilvanometer — 26.  Direct 
Reading  Ammeter  and  Voltmeter  — r  27.  Steel-yard  Ammeter  —  28.  Low  Constant 
VoUroeter- 29.  Commutator— 30.  Firing  Keys— 31.  Shunt— 32.  Rheostat— 33.  Resist- 
an<^  Box— 34.  Wheatstone  Bridge — 35.  Measurement  of  Resistances — 36.  Telegraph 
luAtniments. 

\  SYSTEM  of  defence  by  electrical  self-acting  and  controlled  mines 
*^  ne<'e88itatcs  the  employment  of  various  kinds  of  electrical 
m^.usnring  and  directive  instruments,  and  of  apparatus  for  the  gene- 
rating of  the  electrical  currents  by  which  the  fuzes  of  both  these  kinds 
*A  mines  are  fired,  the  electrical  part  of  the  system  tested,  and  latter 
kiii'l  controlled. 

TL«*»<3  will  be  treated  of  imder  two  heads,  viz  : 

X.  fiEXERATINO  APPARATUS. 

Ik  Measuring  Instruments. 

A.   Generating  Apparatus. 

V'jt  the  ignition  of  the  fuzes  of  electrical  controlled  mines  there 
ir*:  li\e  kinds  of  generating  apparatus  which  mai/  be  employed,  viz. : — 

1.  Frictional  machines. 

2.  Volta  induction  machines. 
'J.  ilasmeto-clectro  machines. 
4.  Dvnamo-electro  machines. 
o.  Voltaic  batteries. 


76  Frictional  Machines.  [Chap.  IV. 


The  practice  of  submarine  mining  has  proved  most  conclusively 
that  for  this  particular  work  the  ignition  of  fuzes  is  more  suitably  and 
conveniently  secured  by  a  voltaic  battery  of  one  kind  or  another  than 
by  any  of  the  other  machines  enumerated  above,  except  in  very  special 
instances  where  portability  is  an  essential  requirement,  when  some  form 
of  dynamo-electro  machine  becomes  necessary ;  therefore  only  a  brief 
consideration  of  the  three  machines  coming  first  on  the  above  list  is 
necessary. 

Frictionul  Machines. — Igniting  machines  of  this  class  are  similar  in 
principle,  and  consist  of  a  generator  of  frictional  (high  potential) 
electricity,  a  condenser  to  receive,  store,  and  multiply  the  charge,  and 
a  key  by  which  to  direct  the  current  through  the  fuze. 

This  class  of  machine  requires  the  employment  of  fuzes  of  high 
or  medium  tension  (which  are  not  now  used  in  submarine  mining),  and 
possesses  the  advantages  of  being  capable  of  firing  several  such  fuzes 
connected  up  in  simple  or  direct  circuit ;  of  being  able  to  perform  this 
work  even  with  a  portion  of  the  submerged  leading  wires  bared  to  the 
water,  and  therefore  its  use  does  away  with  the  necessity  of  very 
perfectly  insulated  wires ;  further  it  may  be  made  lighter  and  more 
portable  than  any  other  kind  of  igniting  machine  possessing  equal 
power. 

It,  however,  possesses  the  following  very  serious  disadvantages 
which,  with  voltaic  batteries  of  the  perfect  type  now  to  be  obtained, 
entirely  precludes  its  use  for  submarine  mining  purposes. 

These  disadvantages  are :  accidental  injuries  to  the  leading  wires 
caused  by  the  high  potential  nature  of  the  cuiTcnt,  thereby  increasing 
the  chances  of  missfires ;  the  induction  of  the  cables  of  mines  lying 
near  to  the  cable  of  the  mine  it  is  intended  to  fire,  by  which  the 
fuzes  of  the  former  may  be  unintentionally  ignited ;  that  with  these 
machines  a  charge  of  electricity  cannot  be  retained  for  any  con- 
siderable time  without  serious  loss;  that  to  generate  a  8u£Scient 
current  charge  at  least  half  a  minute  is  required,  a  portion  of  time 
which  might  nullify  the  effect  of  the  explosion  of  a  submarine  mine 
for  the  reason  that  the  ship  to  be  destroyed  by  that  mine  may  in  even 
this  short  time  have  passed  clear  of  it ;  lastly,  in  attempting  to  restoie 
the  charge  it  is  possible  to  perforate  the  condenser  by  the  over-esti- 
mating of  the  supposed  loss  of  the  charge.  The  following  table  pvei 
some  particulars  of  four  frictional  machines  which  have  all  been  sub- 
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jected  to  some  yery  elaborate  tests  by  General  Abbot  in  his  experi- 
ments and  inyestigations  on  submarine  mine  material^  with  more  or 

less  success. 

Tablb  hi. 


Title. 

Size. 

Weight. 

L'  ngUi  of     1  No.  of  tarns 
Spark.        1     of  crank. 

Efaoer  (Austrian)    .... 
Smith  (AmericAD)  .... 
Mowbny  (AmericaD)  .     .     . 
Benhardt  (French)     .     .     . 

inches. 

16  X    7  X  17 
14  X  14  X    7 
19  X  14  X  13 
21  X  11  X  16 

Ihfi. 

32 
26 
42 
42 

inches. 
0-5 

2-5 

10 

2-5 

•  • 

25 
60 
14 

Vcliaie  Induction  Machines. — This  class  of  machine  is  constructed 
ou  the  principle  of  the  laws  goyeming  the  inductiye  action  of  electrical 
currents  upon  neighbouring  conductors. 

A  primary  conductor  in  the  form  of  a  compact  coil  of  many  con- 
Tolutions  will  produce,  by  means  of  a  strong  battery,  an  extra  current 
of  yreat  quantity  but  of  low  potential. 

If  the  primary  coil  be  eny eloped  by  a  secondary  coil,  a  secondary 
current  of  still  greater  power  is  produced  either  of  high  potential  and 
l*w  quantity,  or  the  reyerse  depending  upon  whether  the  secondary 
Ci»il  be  composed  of  long  and  fine,  or  of  short  and  stout  wire ;  these 
ttsults  being  further  intensified  by  enclosing  a  soft  iron  core  within 
the  helices. 

Three  machines  were  experimented  upon  by  General  Abbot,  viz  : 

An  extra  current  coil,  a  special  induction  coil,  and  an  American 
••  Serrice  "  induction  coil,  the  latter  of  which  far  surpassed  the  others 
in  suitability  for  submarine  mining  purposes. 

The  particulars  of  this  seryice  machine  are  as  follows  : — 


Size 

Weight  . 
Primary  coil     . 
Secondary  coil . 


14  inches  by  6  inches  by  7  inches. 
18  lbs. 

No.  14  B.  W.  0.  Resist  0-1  ohm. 
No.  35  B.  W.  G.      „      2  •  800  ohms. 


A  current  of  4'5  amperes  is  required  to  give  a  continuous  stream 
^ffrurks  li  inches  in  length,  and  this  current  was  obtained  from  two 
^V*^  Grenet  cells  coupled  in  series. 

A  !?iiiall   C-inch  condenser,  having  a  cajiaoity  of  O'OOOG  micro- 
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farady  was  connected  to  the  terminals  of  the  secondary  coil ;  this  con- 
denser increases  the  density  of  the  spark,  but  diminishes  its  length. 

With  a  well-insulated  submerged  conductor  this  machine  b  effective 
at  a  range  of  somewhat  more  than  a  mile. 

Two  fuzes  are  placed  in  the  mine  when  using  this  machine ;  a  low 
tension  one  in  connection  with  the  circuit  closer  for  "  automatic  "  firing, 
and"  which  is  ignited  by  the  ordinary  firing  battery;  and  a  medium 
tension  fuze  with  a  break  of  j^th  of  an  inch  for  firing  "  at  \vill "  by 
means  of  the  induction  coil.  This  break  of  yJo^^  ^^^^  was  found 
necessary  to  prevent  the  simultaneous  firing  of  other  mines  by  induction. 
For  this  arrangement  a  double  switch-key  is  provided,  which  in  one 
position  closes  the  primary  circuit,  and  in  the  other  puts  the  ordinary 
firing  battery  in  circuit ;  thus  igniting  the  mine  "  at  will,**  whether  the 
circuit  at  the  mine  be  opened  or  closed. 

Magneto-Electro  Machines. — The  principle  upon  which  magneto- 
electro  machines,  i.e.  apparatus  for  the  generation  of  electrical  currents 
by  magnetism,  depends  is  precisely  similar  to  the  voltaic  induction 
machine  which  has  been  previously  described. 

A  magnet  inserted  by  successive  movements  into  a  continuous  ring 
of  wire  will  induce,  in  that  ring,  an  instantaneous  current  of  electricity  ; 
while  withdrawing  the  magnet  in  the  same  manner  will  also  cause  a 
current,  but  in  the  opposite  direction. 

Looking  at  the  ring  from  tlie  side  on  which  the  magnet  is  inserted  of 
withdrawn^  then 

N  pole  inserted,  direction  of  current  against  hands  of  watch. 
N    „    withdrawn,       „      „       „        with 


j>  » 


o     „    inserted  jj      .•»      j*  >>  j>  >> 

S     „    withdrawn       „      „      „  against    „  „ 

Eeplacing  the  ring  of  wire  by  a  spiral  coil  the  direction  of  the 
current  will  remain  as  above,  but  the  potential  will  be  increased. 

Or  a  similar  effect  is  produced  if  the  magnet  be  fixed,  and  a  soft 
piece  of  unmagnetized  iron  inserted  in  the  coil  be  successively 
magnetized  and  demagnetized  by  rapid  contacts  with  the  magnet. 

Again,  if  the  poles  of  a  permanent  magnet  be  extended  by  softinm 
rods  enveloped  by  coils  of  wire  and  the  armature  be  applied  or  witb- 
drawn  suddenly  a  similar  effect  is  produced. 

All  magneto-electro  machines  are  based  on  these  principles,  ai 
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differ  simply  on  the  mechanical  devices  used  for  effecting  the  magnetic 
changes  in,  or  near  a  coil  of  insulated  wire. 

There  are  three  classes  of  magneto-electro  igniting  machines,  viz. : 
I-  Those  acting  by  single  electric  wave ;  II.  those  acting  by  a  succes- 
sion of  waves  alternating  in  direction ;  III.  those  acting  by  a  continuous 
cnrrent. 

The  latter  class  includes  those  of  Class  II.  when  commutators  are 
nsed. 

General  Abbot  carried  out  some  very  careful  tests  with  a  number 
of  machines  representing  each  of  these  classes,  the  results  of  which  are 
given  in  the  following  Table : — 


Table  IV. 

ISoz. 

Coils. 

Fuze. 

Otfb             Xame. 

1 

Remarki!. 

Slw^. 

weight'  V. 

Itenist 

( 

Inches. 

In  lb>«. 

i.'iv. 

ohms. 

'  Breguet  .     . 

18x7x6 

21 

2 

9,400 

Medium 

Formerly  used  in    the 

1 

tension 

Swedish    naval    ser- 

♦ 

vice. 

I. 

Jnrgensen 

12x6x4 

IC  !    2 

1,170 

»» 

Formerly  employed  in 
the     Danish     naval 

service. 

^  yUma   .     . 

5x4x13 

20 

1 

280 

»» 

Austrian  and  PriisRian 
land  service.  French 

1 

naval  service. 

1    Bmrdidtc 

12x11x12 

58     24 

8,400 

»» 

18x18x14 

115 

10 

1,100 

»» 

;  Used  with  great  success 

during  the  American 

Civil  War. 

in.     Gnunmc .     . 

14x13x25 

C7 

30 

0G5 

1 

[.ow 
U'libion. 

For  the  low  tension  (platino-iridium  wire)  fuze  now  in  general  use 
for  submarine  mines  the  Gramme  machine  is  the  most  simple  and 
perfe^  magneto-electro  machine,  as  it  eliminates  the  troublesome 
commutator  required  with  the  machines  of  Class  II.  when  these  fuzes 
M^  employed,  and  it  supplies  a  current  as  uniform  as  that  of  the  best 
Toluic  battery. 

Dynamo-Electro  Machines. — This  class  of  machine  differs  from  the 
3*Apiet4>-electro  machine  only  in  the  use  of  eZee/ro-magnets  in  the  place 
^iytmuinent  magnets. 

In  dynamo-electro  machines  there  is  no  liability  of  deterioration 
fc>m  the  gradual  lose  of  permanent  mngnetisin,  and  with  equal  weight 
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they  can  be  made  more  powerful ;  but  they  require  more  physical  force 
to  manipulate  them. 

Dynamo-electro  igniting  machines  may  be  divided  into  three  classes, 
as  follows : — 


I.  Acting  by  a  diminishing  wave  . 


/Siemens'  Spark,  Former,  Smith,  La£in  and 
•\    Rand. 


XT  /Acting  by  a  succession  of  waves,  alter-K   jj      •*!.     x  &  i... 

"i    nating  in  direction.     ....     .  JLadd,  without  commutator. 

TIT    A /.♦!•««.  K«^  o  «««fi-r.«/^«o /»«*,««*  /Siemens*   Current,  Ladd  with  commutator, 

III.  Acting  by  a  continuous  current  .     .     .|    Hochhausen  Gmmme. 

These  machines  are  compared  together  in  Table  V. : — 


Name. 


Sir.". 


Weight, 


R  markfl. 


Siemenb*  S|,nrk  . 


Farmer   . 


Smith  .  .  . 
Lafliu  and  Har.d 
Ladd .... 


Siemens'  Current 


Hochhauscn . 


inciietf. 


14  X  7  X  13 


13  X  11  X  18 


13  X  10  X  15 

10  X  8  X  5 

22  X  14  X  23 


9  X  7  X  12 


Ibe. 
52 

120 

77 

18i 

119 

32 


12  X  11  X  12       84 


One  turn  of  crank  gives  6  turns  of  armature. 
One  Abel  fuze  fired  through  2  miles — ^sub- 
merged circuit — earth  return ;  or  12  fuzes  in 

series  on  short  land  service. 
One  turn  of  crank  gives  7 '3  turns  of  armatnrr. 
For   1000   revolutions  E.M.F.   for  an  inst;  nt 

30  volts — continuous  20  volts.    Adopted  iu 

U.  S.  naval  service. 
One  turn  of  crank  gives  6  turns  of  armature. 
For  1,044  revolutions  E.M.F.  11-55  volts. 
One  fuze  fired  through  20  ohms  resistance. 
This  machine  is  described  in  detail. 
(One  turn  of  crank  gives  155  turns  of  armaturo. 
{At  1,000  revolutions  E.M.F.  7*5  volts.    One 

fuze  tired  through  14  ohms  re8istanci.\ 
One  turn  of  crank  gives   10*8  turns  of  tlic 

armature.    One  fuze  fired  through  13  ohms 

resistance. 
A  very  neat  and  portable  machine. 
One  turn  of  crank  gives  3*2  turns  of  tlie 

armature. 
At  425  revolutions    one    fuze    fired    through 

15  ohms  resisttince.    At  700  revolutions  ouc 

fuze  fired  thiough  30  ohms  resistance. 


The  Lajlin  and  Band  Machine, — This  machine,  known  as  "  Magneto 
No.  3,"  was  patented  in  1878.  It  is  a  most  portable  and  convenient   j 
instrument,  as  it  occupies  only  0*37  cubic  foot,  and  weighs  only  some   \ 
19  lbs.  \ 

This  machine  is  illustrated  in  PL  XVI.,  where  Tig.  1  is  a  general  | 
view :  Fig.  2  a  side  view :  Fig.  3  an  end  view :  and  Fig.  4  a  plan  of  1 
the  connections. 

It  is  constructed  on  the  Wheatstone  and  Siemens  principle,  %.e.  a 
Siemens  armature  revolving  between  the  poles  of  an  electro^magnet 
of  horseshoe  form. 
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Tbe  electrical  altematiDg  ciurents  thus  formed  are  transformed  by 
BMttS  of  a  commutator  into  one  contiauoits  current. 

Tbc  circuits  will  be  readily  understood  from  the  diagram  figure  4 
A  is  the  armature  revolving  between  the  poles  of  the  magnets  N,  8 
r.  T,  the  two  tenniuals  to  which  the  fuze  circuit  wires  are  connected 
'  1*  the  commutator,  K  a  spring  contact  key :  F  the  firing  bar. 
ii'-'  circuit  passes  from  the  commutator  into  the  magnet  windings  by 
Uifl  wires  w,  w,  and  out  by  the  wires  w',  w',  to  the  terminals  T,  T, 
thetKe  by  the  wirea  if",  w"',  to  the  platinum  contacts  of  the  spring 
k(-T  K,  thus  completing  an  interior  short  circuit  tapped  by  the  fuze 
circuit  as  a  shunt :  this  fuze  circuit  is  represented  by  the  cable  ui"" 
kadin;;  from  terminal  T  to  the  fuze  f,  its  earth  wire  E,  and  the 
machine  earth  wire  f. 

The  magnet  is  wound  with  cotton  insulated  copper  wire,  No.  18 
Pi.  AV.  G,,  with  a  total  resistance  of  1  ■  76  ohms,  and  the  armature  with 
So.  21  B.  W.  G.  with  a  total  resistance  of  0-92  ohm. 

Th«  noveliy  of  this  machine  lies  in  the  mode  adopted  for  the 
-  utioo  uf  the  Siemens  armature,  and  of  switching  into  the  fuze 
..-i-nit  ihv  powerful  internal  current  thus  iudueed. 

Both  these  obJL-cts  are  accomplished  by  means  of  the  firing  bar  F, 
>-Jch  consists  of  a  square  brass  rod  14"  X  J"  X  i".  fitted  with  a  wooden 
lodlf  B.  Figs.  1,  2,  and  3,  on  ita  outer  end;  one  side  of  it  is  pro- 
li'ied  with  rack  teeth  engaging  in  a  loose  pinion  p,  Fig,  3,  fitting 
9nj  tbe  onnatnre  spindle  a,  Fig.  2 :  a  clutch  holds  this  pinion  to 
tbr  onutara  spindle  only  on  the  dovmward  stroke  of  the  firing  bar,  bo 
tW  thv  armature  is  revolved  in  one  direction  only. 

In  using  thia  machine  the  firing  bar  F  must  bo  raised  to  its  full 
\niph  by  the  wooden  handle  B,  and  then  pressed  down  with  moderate 
^oed  for  the  first  inch  of  its  stroke,  and  finishing  with  a  rapid  motion : 
(1»  fthock  of  the  bar  striking  the  key  K  breaks  the  circuit  between 
lirf  two  platinum  contacts  of  this  key  K,  and  thus  shimts  the  current 
_M  the  fnzo  circuit:  in  passing  from  the  top  to  the  bottom  of  the 
I  ihc  firing  bar  F  causes  TJ  turns  of  the  armature  A,  and  if  the 
■oremeot  bo  the  result  of  a  sudden  and  strong  downward  pressure  a 
famtxfaX  cnrrvot  is  developed. 

Thi«  raachinu  is  capable  of  firing  a  single  fuze  (which  requires  a 
UTcul  uf  U'lo  ampete)  through  about  30  obms;  or  8  funeii  in  series 
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on  short  circuit :  or  5  adjacent  guns  simultaneously ,  allowing  2*5 
ohms  for  the  resistance  of  the  leading  wires. 

General  Abbott's  general  working  equation  for  this  machine  is 

15'" 
G  =  — ,  where 

2-7  +  '^«* 

C  is  the  current  in  amperes :  15*  is  the  measured  E.  M.F.:  2*  7"  the 
resistance  of  the  machine;  and  Bu  the  resistamce  of  the  external 
circuit. 

The  points  requiring  attention  in  this  machine  are  that  no  dirt  be 
allowed  to  collect  between  the  platinum  contacts  of  the  key  K :  that 
no  metallic  dust  bridge  the  cuts  in  the  commutator:  and  that  the 
bearings  be  occasionally  oiled. 

The  box  H,  Fig.  1,  may  be  readily  opened  for  these  objects  by 
removing  a  few  screws. 

Siemens  Eocploder, — Two  types  of  this  machine  are  constructed  by 
Messrs.  Siemens  Brothers,  both  of  which  are  shown  in  elevation  in 
PL  XVII.,  Figs.  1  and  2,  the  former  being  fitted  with  a  multiple 
armature,  and  the  latter  (English  War  Office  pattern)  with  a  T  arma- 
ture, both  being  fitted  with  an  automatic  firing  arrangement. 

The  machine  shown  at  Fig.  1  is  constructed  as  follows :  the  firing 
mechanism  consists  of  a  small  toothed  wheel,  which  is  fixed  on  the 
driving  spindle  and  gears  into  a  wheel  bearing  a  cam ;  the  cam  acts 
on  a  double  spring  so  arranged  that  during  two  turns  of  the  driving 
handle  the  machine  is  short  circuited,  but  at  the  third  and  fourth 
turns  one  side  of  the  spring  is  lifted  from  the  short  circuit  contact, 
whilst  the  other  side  closes  the  line  circuit.  To  show  the  proper  time 
for  connecting  up  the  main  wires,  a  signalling  arrangement  is  pro- 
vided which  consists  of  a  hammer  and  spring:  a  pin  on  the  before* 
mentioned  cam  presses  against  the  spring  and  causes  the  hammer  to 
strike  the  wooden  cover  of  the  machine  when  the  driving  handle  has 
been  turned  the  proper  number  of  times. 

One  turn  of  the  handle  gives  six  turns  of  the  armature.  The 
weight  of  this  machine  is  70  lbs.:  its  dimensions  about  15"  X  15"  X  7"., 

The  machine  shown  at  Fig.  2  is  fitted  with  two  handles  and  ft| 
fly-wheel  so  as  to  insure  a  greater  and  more  uniform  speed  of  ih 
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unainre.  Tho  signalling  arrangement  consists  of  a  bell,  the  clapper 
U  which  is  actuated  in  the  same  manner  as  the  hammer  in  the 
machiuo  l>efore  described. 

One  torn  of  the  handle  gives  six  turns  of  tho  armature.     Weight 

f  this  macJiino  75  lbs. :  its  dimensions  abuut  17"  x  15"  X  7". 

Liiher  of  these  machines  is  capable  of  fusing  a  piece  of  iridio- 

iiitiiim  wire  O'OOlo  inch  in  diameter,  through  a  resistance  of  70 

'•.an,  or  a  piece  of  name  length  but  0*003  inch  in  diameter  through 

:.'<  oLnu. 

With  70  ohms  in  circnit  the  current  of  each  machine  is  approxi- 
mtely  0"  19  ampere,  with  an  E.  M.  P.  of  15  volts. 

Voltaia  Batteries. — Submarine  mines  must  always  be  capable  of 
htbg  explu<led  by  automatic  means,  as  for  instance  at  night  time,  and 
ii  Utick,  or  foggy  weather  an  enemy's  vessel  attempting  to  pass  a  line 
<if  mines  woald  most  probably  bo  undiscovered  by  the  defenders  until 
(oo  lato;  ihos  if  in  attempting  to  execute  this  service  the  hostile  ship 
lituuld  Htrike  a  mine,  the  latter  must  be  capable  of  being  exploded 
Hlomatically  at  the  moment  of  the  shock,  or  otherniso  »he  would 
{RibAbiy  pass  through  in  safety. 

This  fact  neceasitatea  the  firing  battery  being  such  that  it  possesses 
k  pottoilial  energy  ready  for  instantaneous  use,  and  which  can  be 
MtonstiosUy  switched  into  the  fuze  circuit  of  the  mine  that  is  struck 
bj  the  attacking  vessel. 

Oa  account  of  these  conditions  some  one  kind  or  other  of  voltaic 
httery  ia  the  moat  suitable  form  of  Uring  battery  for  submarine  mines, 
■e  in  the  case  of  the  igniting  machines  previously  described,  on  cx- 
•jditura  of  mechanical  power  is  required  to  develop  the  potential 
t-^y  needed  for  tho  ignition  of  the  mine  fuze,  and  at  the  same  time 
tae  "-iiilosion  of  the  mine  by  these  means  can  only  he  determined  by 
ft  •■  titU^Uigent  agent ;  at  night  time,  or  in  thick  or  foggy  weather,  this 
'  iffrnt  wmld  not  be  in  a  position  to  ascertain,  a  sufficient  time  in 
the  approach  of  an  enemy's  ship  even  by  tho  aid  of  the 
_'ht ;  wlule  the  fact  of  the  hostile  ship  having  struck  a  mine 
_-iiJiIIed  to  the  Intelligent  agent  by  the  ringing  of  its  parti- 
i.tr  tvil  would  not  permit  of  the  agent  exploding  the  mine  actually 
.  >r  ur  in  ooutoct  with  the  ship,  owing  to  the  time  that  must  elapse 
-  ivre  tlio  mechanical  power  necessary  to  develop  the  needful  current 
■1  be  brooght  into  play,  by  which  time  the  hostile  ship  would  pro- 
it  2 
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bably  have  succeeded  in  passing  beyond  the  dangerous  zone  of  the 
explosion. 

As  General  Abbot  remarks^  ^*  Human  agency  and  human  fallibility 
are  thus  (by  the  use  of  voltaic  batteries)  in  a  measure  eliminated." 

In  the  submarine  mine  service,  voltaic  batteries  are  required  for 
the  performance  of  five  functions,  viz. : 

1.  Firing  Batteries. 

2.  Signalling  Batteries. 

3.  Testing  Batteries. 

4.  Telegraph  Batteries. 

5.  Electric  Light  Batteries. 

Each  of  these  will  be  considered  separately,  though  in  the  case  of 
the  first  four  functions  the  Leclanch6  type  of  voltaic  battery  has  been 
found  capable  of  fulfilling  all  the  necessary  conditions. 

Firing  Batteries. — The  qualifications  of  a  firing  battery  are  high 
electro-motive  force  with  low  internal  resistance  so  that  a  strong 
current  may  be  sent  through  a  long  length  of  cable  :  constancy  is  not 
needed  as  the  action  is  instantaneous :  while  for  all  classes  of  batteries 
simplicity  of  construction,  and  easy  access  to  the  parts  of  the  various 
cells  for  the  purposes  of  cleaning  are  most  essential. 

The  varieties  of  voltaic  batteries  that  are  more  or  less  suitable  as 
firing  batteries  are  very  numerous,  and  they  differ  among  themselves 
in  electro-motive  force,  in  internal  resistance,  and  in  constancy  of 
action  ;  it  will  however  be  unnecessary  to  do  more  than  briefly  describe 
those  voltaic  batteries  which  have  been  used  for  the  purposes  of  ignit- 
ing tlie  fuzes  of  submarine  mines,  but  which  have  now  been  almost 
on ti  rely  replaced  by  the  Leclanche  firing  battery,  of  which  a  fall 
dotftilod  description  will  be  given. 

Hiuf/k  Fluid  Chromie  Aeid  Cell— A  battery  of  fifty  of  these  cells  j 
Imfl  bf^oti  oc'ciwionally  used  for  the  firing  of  submarine  mines  by  the  | 
AiUPtU*nn  military  authorities  at  Willett's  Point.  j 

A  Hnw'flption  of  this  and  the  other  firing  batteries  that  follow  has  J 
\mNi  MUtfw^incl  from  (Jonoral  Abbot's  well-known  Report  on  Submarine  j 
VtUwf^t  wlilrli  contains  a  most  exhaustive  account  of  his  experimental  | 
friii**tftri*linH  on  all  kinds  and  forms  of  voltaic  batteries  for  submarine  j 
m\M  work. 

Thin  llring  battery  was  composed  of  fifty  of  these  chromic  acid  cells 
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-"Dneoted  up  in  series  :  each  cell  consisted  of  a  plate  of  carbon  and  of 
'^■M  immersed  in  the  chromic  acid  contained  in  an  insniated  lead-box 
>'ii(n  required  for  use :  each  plate  measured  9"  X  4^",  and  was  sub- 
;r"  r^jcd  GJ"  X  4i"  :  the  plates  were  placed  i  inch  apart. 

The  electrolyte  was  formed  as  follows :  to  1  gallon  of  boiling 
WnT  add  6  lbs.  of  potassium  bichromate :  stir  for  15  minutes,  then 
uliI  4  gallons  of  cold  water  and  1  gallon  of  sulphuric  acid  of  commerce  : 
'::r  tlie  wbole  occasionally  until  all  the  bichromate  crystals  are  dis- 

TTk-  action  of  the  bichromate  acid  on  zinc  is  so  intense  that  it  ia 
■■■■ssATy  to  arrange  the  plates  to  be  immersed  only  at  the  moment  of 
■  -.Lg,  and  this  was  arranged  to  be  executed  automatically  in  the 
ilowing  manner :  all  the  plates  of  the  battery  were  rigidly  attached 
'■ '  >i  framo  supported  over  the  cells  by  a  counterpoised  walking  beam, 
::A  the  plstea  were  plunged  in  and  raised  out  of  the  electrolyte  by 
arans  of  an  electro-magnet  by  the  aid  of  a  separate  small  battery : 
tiii*  operation  was  effecteil  either  automatically  on  a  mine  being  stnick, 
r  lit  tb«»  will  of  ihe  operator.  The  E.  M.  F.  of  each  cell  was  2  yolts, 
■-I  the  iiiu-mul  resistance  0*2  ohm.  The  battery  wna  capable  of 
-na^  a  single  fuxe  through  a  resistance  of  some  190  ohms  :  or  for  two 
or  more  fuzes  coupled  in  series  through  a  resistance  of  56  ohms,  or 
4bo«l  4  miles  of  mine  cable. 

Ti€  Single  Fluid  Sulphuric  Aeid  Cell— This  typo  of  Toltaic  cell 
Mtoriginully  devised  by  "  Smee,"  and  was  in  the  early  days  of  sub- 
MtiiM)  mining  adopted  by  the  torpedo  authorities  in  England  and 
laatria  for  tho  firing  of  submarine  mines,  and  were  known  reai>ectively 
•i  tfac  "  Walker,"  and  '■  Von  Ebner  "  firing  batteries. 

The  positive  element  is  zinc  always  kept  immersed  in  a  cup  of 

'.-rL'ory  :    the  negative  element  is  carbon,  either  coke  or  graphite, 

-  Walker  cell  consists  of  two  graphite  plates  with  a  single  zinc 

:!<■  between   them  :  while  the  Von  £)bner  cell  has  two  zinc  plates 

lu  a  single  graphite  plate  between  them. 

The  following  is  a  description  of  a  firing  batt«ry  of  these  cells  as 

:  Msed  by  General  Abb<»t  after  careful  exjieriment  at  the  American 

rjiedo  H.'ho(iI  at  Willett's  I'oint :  only  one  zinc  and  one  coke  plate 

iw!:  the  fonner  measuring  4i'"  x  !IJ",  the  hitter  5"  by  !>",  each 

-jj  ,1  Mihm'^rged  surface  of  some  30  square  inches  :  the  zinc  plate 

.  i  ■  ;;.  II  sinftll  cup  of  india-rabber  containing  mercury  to  preserve 
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the  amalgamation.  These  elements  are  placed  in  a  glass  jar,  holding 
about  2J  quarts  of  the  electrolyte,  which  consists  of  dilute  sulphuric 
acid,  one  part  to  fourteen  by  volume :  the  top  of  the  jar  for  about 
2  inches  is  smeared  with  paraffin  oil  to  prevent  the  creeping  up  of 
the  acid. 

Tfie  two  plates  are  attached  together  by  two  ebonite  rods,  passing 
through  holes  made  for  the  purpose,  and  are  kept  apart  by  J  inch  ebonite 
washers  on  the  rods  between  the  plates,  which  are  clamped  together  by 
ebonite  nuts  screwed  on  to  the  outer  end  of  the  two  ebonite  rods :  both 
rods  are  below  the  fluid,  one  being  placed  near  the  top,  and  the  other 
near  the  bottom  of  the  plates.  A  metallic  connection  is  made  in  the 
top  of  the  coke  plate  by  two  silver  wires  sewed  through  it  and  attached 
to  a  small  copper  bar :  the  zinc  plate  is  provided  with  a  copper 
terminal :  all  the  connections  are  painted  with  asphaltum  varnish : 
the  top  of  the  coke  plate,  for  about  3  inches,  is  smeared  in  melted 
paraffin  to  close  the  pores,  and  to  prevent  the  creeping  up  of  the 
acid :  the  zinc  plate,  for  about  2  inches,  is  painted  with  asphaltum 
varnish. 

The  cells  are  coupled  together  by  stout  copper  wires  screwed  into 
the  copper  bars  of  the  coke  plates,  and  connected  to  the  copper 
terminals  of  the  zinc  plates  by  screw  cups. 

To  secure  the  necessary  insulation  the  cells  are  placed  on  paraffined 
dry  strips  of  wood  nailed  upon  shelves. 

It  has  been  found  by  experience  that  a  battery  of  this  kind  does 
not  need  renewal  oftener  than  once  in  a  couple  of  years,  provided  that 
care  be  taken  to  renew  the  water  lost  by  evaporation,  and  to  occasionally 
remove  any  zinc  sulphate  that  may  be  formed. 

A  firing  battery  should  consist  of  not  less  than  100  such  cells,  and 
it  may  then  safely  be  considered  eflfective  at  a  range  of  one  and  a  half 
miles. 

The  E.  M.  F.  of  this  cell  is  1  •  2  volts,  but  owing  to  its  rapid  polariza- 
tion not  more  than  1  *  0  volt  should  be  allowed :  the  internal  resistance 
is  about  0*3  ohm. 

All  varieties  of  the  "  Smee  "  cell  have  one  common  fault,  low  electro* 
motive  force  :  but  the  cell  has  the  merits  of  simplicity,  of  yielding  a 
very  steady  current  when  the  polarization  has  reached  its  limit,  anc 
when  properly  set  up,  of  preserving  its  efficiency  without  attention  to 
long  periods  of  time. 
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Leela]»ch«  CdL — ^Firing  batteries  composed  of  this  type  of  sal- 
afflmoniac  cell  uro  now  nniversally  used  in  connection  with  submarine 
niin<.-  nork.  as  it  possesses  the  essential  quality  of  such  a  battery,  that 
njMt  lie  always  reaily  for  action,  viz. :  No  local  action  on  open  circuit : 
»liJe  it  possesses  the  farther  useful  elements  of  a  comparatively  high 
EM. F.  and  a  low  internal  resistance.  A  battery  of  100  Leclanche 
i-tiU  of  the  old  type  was  set  up  by  General  Abbot  at  Willett's  Point 
in  ISli.,  and  remained  in  constant  use  as  a  firing  battery  for  a  apace  of 
ill  ynars:  the  E.  5L  F.  remained  during  this  long  period  of  work 
<-ti<-iilially  constant,  but  the  internal  resistance  gradually  increased, 
ilia  bitlt-r  quantity  could,  however,  have  been  brought  to  the  standard 
■d'>-S  »hm  by  adding  water:  but  to  avoid  any  overflow  or  creeping 
D['  I'f  Ibc  salts  this  was  not  done. 

The  following  is  a  description  of  latest  type  of  Leclanche  firing  as 
Fiinslractwi  at  the  Silvertown  Telegraph  Works. 

Two  types  of  the  improved  Leclanche  cell  are  in  use,  viz,,  the 
}liDdrical,  and  the  reclangnlar  shape. 

In  PL  XVIII.  at  Fig.  1  an  illustration  of  the  eylindrical  type  is 
■:^-i"t\.  showing  the  internal  arrangements  of  the  cell. 

rite    jK>aitire   electrode    consists  of  a    fluted    carbon   (graphite) 

-  -1  f,  and  six  agglomerate  rods  h,  composed  of  equal  proportions  of 
.'joxido  of  manganese  and  graphite,  surrounding  the  centre  rod  c- 
u-  gTXH.ves  in  the  latter  are  of  Httlo  less  diameter  than  that  of  the 
-iih:  the  six  rods  are  held  in  close  contact  with  the  centre  rod  e  by 
.  iiji-niltUir  bonds  T,  m  that  the  small  spaces  between  the  two  facilitates 

1 .- dirulftlion  of  the  liquid,  and  the  dissipation  of  the  evolved  gas: 
-'  iK^live  oloctrodfi  is  a  cylinder  of  zinc  e,  thoroughly  amalgamated, 
I  i  erimplt^ldy  surrounding  the  positive  electrode,  but  prevented  from 
i.'hing  it  by  means  of  the  coarse  canvas  swathing  w  :  the  elements 

-  i-oDtuined  in  the  elwnito  receptacle  e,  e :  the  head  of  the  rod  c  is 
I  with  lca<l,  to  which  a  terminal  binding  screw  ia  fixet^:  this  lead 
■  1  uid  its  juDCtion  with  the  graphite  are  coated  with  a  mixture  of 

,iikl  puts  of  china  clay  and  pitch,  to  prevent  the  deposition  of 
bjutore  there  :  the  electrolyte  is  a  saturated  solution  of  sal-ammoniac, 
(he  level  «if  the  liquid  being  1^  inches  below  the  top  of  the  ebonite 

At  Fig.  2  ia  an  illustration  of  the  r&:tangvlar  type,  showing  the 
I'-nul  vrraitgements  of  the  cell.     The  ixwitive  electrode  consists 


88  Boat  Firing  Batteries.  [Chap.  IY. 


of  a  fluted  carbon  (graphite)  plato  c,  on  each  side  of  which  are 
placed  three  flat  agglomerate  blocks  b,  b,  (equal  parts  of  binoxide  of 
manganese  and  graphite)  :  these  flat  blocks  press  against  the  carbon 
plate  e  only  at  its  extremities^  thus  permitting  of  the  free  circulation 
of  the  acid  between  them  and  the  dissipation  of  the  evolved  gas  :  India- 
rubber  bands,  T,  hold  these  blocks  in  their  place  against  the  central 
plate  e,  and  at  the  same  time  maintains  the  positive  electrode  central, 
and  prevents  contact  between  it  and  the  negative  element :  the  bottom 
of  the  positive  electrode  rests  in  a  wooden  shoe  having  perforated  sides, 
and  lined  with  flannel,  which  serves  to  keep  the -two  electrodes  apart: 
the  perforations  permit  of  the  free  circulation  through  the  flannel  which 
acts  as  a  screen :  the  negative  electrode  is  a  V-shaped  amalgamated 
zinc  plate  z  :  the  electrolyte  is  a  saturated  solution  of  sal-ammoniac  : 
the  elements  are  contained  in  a  rectangular  ebonite  box  e.  In  all  other 
particulars  the  two  types  are  identical. 

The  E.  M.  F.  in  each  case  is  2  volts,  and  the  internal  resistance 
0*15  ohm  to  0*2  ohm. 

For  the  purposes  of  submarine  mine  firing  10  of  these  cells  are 
connected  up  in  series  in  a  strong  teak  box,  as  shown  at  Fig.  3 : 
ten  such  boxes  (100  cells)  constituting  a  firing  battery. 

Boats*  Firing  Batteries. — For  experimental  work  with  submarine 
mines  fired  from  a  boat,  or  for  the  firing  of  the  spar  torpedo  a  form  of 
battery  is  required  which  shall  not  be  affected  by  the  motion  of  the 
boat  in  rough  water. 

A  three-cell  bichromate  acid  cell  constructed  by  Euhmkorff  was 
tried  by  General  Abbot  for  this  work,  and  afforded  very  satisfactory 
results. 

This  battery  consists  of  a  closed  ebonite  subdivided  case  9"  X  5"  x  2" 
which  may  be  carried  hanging  round  the  neck  :  the  positive  electrodes 
are  square  rods  of  carbon  0  '4"  x  0*4"  x  3"  :  the  negative  electrodes  are 
small  cylinders  of  zinc  surrounding  the  carbon  rods  :  these  six  electrodes 
are  attached  to  the  ebonite  cover,  each  pair  entering  its  respective 
division  in  the  ebonite  case  :  the  electrolyte  (bichromate  of  potash)  is 
contained  in  a  receptacle  in  the  bottom  of  the  box. 

To  fire  a  fuze  connected  up  to  the  two  terminals  on  the  top  of  the 
box,  it  is  only  necessary  to  invert  the  box,  and  thus  cause  the  electro- 
lyte to  flow  into  the  three  compartments  containing  the  carbon,  and 
zinc  elements.     A  firing  key  may  be  interposed  in  the  circuit:  to 
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lire  il  would  only  be  necessary  to  iarert  the  box  and  then  press  the 
firing  key. 

This  is  a  very  neat  and  compact  form  of  boat  firing  battery,  and  to 
olnin  it,  and  renew  the  fluid  it  is  only  necessary  to  remove  the  lid. 

This  battery  will  fire  a  fuze  through  some  4  ohms  resistance. 

EnylUh  Sermce  Boat  Firing  Baitery. — The  form  of  battery  used 
in  the  English  naval  service  for  firing  spar  torpedoes  is  shown  in 
11.  XIX.  where  Fig.  1  is  an  elevation:  Fig.  2  a  section:  and 
Y\2  ■'!  a  plan. 

Thii«  battery  consists  of  one  small  LeclancbS  cell,  similar  in  form 
ao'l  L-»nstnictian  to  the  rectangular  cell  described  above,  with  the 
vMitioD  of  sawdust  packing  a  for  the  purpose  of  preventing  the 
■lilling  of  the  electrolyte  which  is  kept  3  inches  below  the  top  of  the 
t.  e  is  the  positive  (carbon)  electrode  :  z  is  the  negative  (zinc) 
Irtroile  :  h  the  wooden  box  containing  the  cell :  i^'ia  the  firing  key: 
r  7"  the  fuze  wire  terminals:  to  the  wire  connecting  the  zinc  element 
ii  thi!  liriiig  key:  w'  the  wire  connecting  the  firing  key  contact  to 
iH"  terminal  T:  ic"  the  wire  connecting  the  carbon  element  to  the 
:  rminAl  T' :  R\s  an  india-rubber  cover ;  on  pressing  down  the  key  F 
:■  circuit  between  the  battery  and  the  fuze  is  completed.  A  safety 
-ingoment  S  la  provided  to  prevent  premature  explosion  :  this  con- 

■  -u  of  a  metal  pin  having  an  ebonite  end  inserted  between  the  two 
■itActa  of  the  firing  key,  and  provided  with  a  strong  spring :  to  fire 

. '  fnzc  this  pin  must  be  drawn  and  held  back. 

This  battery  is  provided  with  a  strap  to  enable  it  to  be  ainng  over 
•-■-e  sbonlder  of  the  operator. 

Firing  Battery /or  S^f-aeting  Miitea. — In  electrical  self-acting  mines 
a  firing  battery  contained  in  the  mine  is  required  which  shall  only  be 
r-H.kred  active  by  the  act  of  the  hostile  vessel  coming  into  contact 

■  ith  the  mine.  This  may  be  secured  by  holding  the  electrolyte  in  a 
j[^9s  tobe  in  direct  communication  with  the  electrodes  of  the  battery, 
ui'i  the  former  arranged  so  as  to  be  broken  by  the  blow  of  the 
cijlli'iing  vessel,  as  shown  in  Fl.  Ill, 

G«icn»I  Abbot  proposes   to  use  the  following  method,  by  which 
■ --  i»ec«wity  of  a  glass  tube,  and  of  arranging  a  means  outside  the 
ir.^-  for  the  breitking  of  the  same,  is  obviated. 

I  he  elwtrodes  of  this  battery  are  platinum  foil  and  zinc  each 
.    X  I"  :  fotir  sets  of  these  plates  are  arranged  in  a  circular  ebonite 
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box,  separated  by  vulcanite  rubber  diaphragms:  the  electrolyte 
(bichromate  of  potash)  is  contained  in  a  reservoir  in  the  bottom  of  the 
box,  and  in  communication  with  the  elements  through  a  central  hole. 
The  connections  are  made  as  shown  in  the  diagram  in  PI.  XX., 
Fig.  2,  where /is  the  fuze. 

The  diflBculty  experienced  in  devising  such  a  battery  was  due  to 
the  fact  that  the  blow  of  the  vessel  striking  the  mine  may  take  effect 
in  any  horizontal  direction. 

Experiment  with  this  type  of  battery  proved  that  with  two,  three, 
or  four  of  the  cells  filled  with  the  electrolyte,  the  fuze  would  be  fired 
with  1'6  ohms,  1*1  ohms,  and  1*0  ohm  resistance  respectively  in  the 
circuit. 

A  battery  arranged  upon  these  principles  is  now  in  use  for  the 
American  system  of  self-acting  electrical  mines,  which  will  fire  the 
mine  fuze  through  2  ohms  resistance  in  the  circuit  besides  that  of  the 
battery  itself. 

Secondary  Firing  Batteries, — For  the  firing  of  submarine  mines,  the 
secondary  battery  is  most  admirably  adapted,  due  to  its  high  E.  M.  F., 
low  internal  resistance,  and  its  constancy  where  only  a  small  current 
is  required  ;  it  possesses  however  the  disadvantages  of  requiring  to  be 
recharged  from  time  to  time,  either  by  another  secondary  battery 
brought  to  the  mine  station  for  this  purpose,  or  by  a  primary 
battery,  or  lastly  by  means  of  a  dynamo  worked  by  either  steam,  gas, 
compressed  air,  or  water  power. 

There  is  also  a  possibility  of  burning  up  the  instruments  in  the 
circuit  in  the  event  of  a  short  circuit  occurring,  owing  to  the  extremely 
low  internal  resistance  of  this  form  of  battery,  but  this  cause  of  danger 
would  be  more  likely  to  take  place  with  the  secondary  cell  used  for 
the  signal  battery. 

In  PL  XX.,  at  Fig.  3,  is  shown  an  illustration  of  an  E.  P.  S.  new  ' 
type  S  plate  cell,  as  designed  and  constructed  by  the  Electrical  Power  j 
Storage  Co.  j 

This  cell  has  an  E.  M.  F.  of  2  volts,  an  internal  resistance  of 
0*02  ohm,  and  a  capacity  of  180  ampere-hours. 

Signal  and  Testing  Batteries. — Signal  batteries  are  required  to  sead  , 
a  current  through  the  mine  circuit,  in  which  is  included  the  cirooit  i 
closer  in  the  mine,  and  the  signalling  and  testing  instruments  on  shore 
in  the  mine  station :  this  current  must  be  too  feeble  to  fire  the  milu 
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,  And  yet  powerful  enough  to  work  electro-magnets,  by  wliicU 
8  A  sigDttl  is  recorded,  in  the  station  instrument :  thia  circuit  may 
fci'  cloBOil  nnd  of  low  resistance,  when  the  battery  must  be  capable  of 
npplriug  a  constant  current,  or,  oa  is  more  generally  the  case,  it  is 
oDly  required  to  work  on  an  oi)en  circuit,  when  the  condition  of 
cututaat  cuireat  supply  is  not  essential. 

Toting  batteries  are  required  for  two  purposes,  viz.,  for  testing 
tiiiongfa  the  mine  circuits  with  the  mines  actually  laid  down  in 
poution  to  enable  the  electrie«l  condition  of  the  system  to  bo  mani- 
Ttstpd  at  Boy  moment :  and  for  the  measurement  of  electro-motiro 
farce  and  resistance,  in  connection  with  the  firing  batteries,  cables, 
fmea,  kc. 

Tke  Svlphate  of  Copper,  Tuio-Jluid,  Ce?/.— This  cell,  of  which  the 
ori^oal  type  was  the  Daniel],  is  one  of  the  very  beat  for  supplying  a 
ocffistaat  and  uniform  current  of  moderate  strength,  and  therefore  ia 
«fU  adapted  for  signal  and  testing  batteries  on  a.  closed  circuit  in 
omaectiim  with  a  system  of  submarine  mines. 

The  ordinary  form  of  Daniell  cell  is  as  follows  : — 

The  {logitive  electrode  is  a  cylinder  of  copper  open  at  both  ends 
iod  perforated  by  holes,  having  an  annular  shelf  on  the  upper  part 
xijo  jterforated  by  holes  :  the  negative  electrode  is  a  cylinder  of  zinc 
p^n  at  lioth  ends,  and  is  contained  in  a  porous  pot  with  its  electroljrte 
i-IilutL-  Bulphurie  acid) :  the  copper  cylinder  surrounds  this  porous 
pi.t,  aixl  the  whole  is  plaeeil  in  a  glass  jar  with  the  electrolyte  (satu- 
ai«i  solution  of  sulphate  of  copper) :  to  maintain  tho  necessary 
■^tnration  of  this  solution  crystals  of  snlphate  of  copper  are  placed  on 
:L-<  annolar  shelf  before  mentioned;  a  strip  of  copper  connected  to 
.'*h  of  the  fiectrodos  serves  to  connect  two  or  more  such  cells  up  in 
•1.51  or  i-irallcl.    E.M.F.  1-079  volts. 

TU  Watam  Signal  j&aH«ry.— The  pattern  of  gravity  (Daniell)  cell 

■  iiich  G<menU  Abbot  considers  aa  one  of  the  best  of  its  kind  for  use 
i  B  ti^nal  battery,  in  connection  with  submarine  mines,  is  known  as 

■  jc  *■  Wataon  "  cell,  and  is  formed  as  follows  :  the  positive  electrode 
•  iTi':,  annular  and  massive,  is  attached  to  the  cover  of  the  cell  by 
'.-lal  rods:  the  negative  electrode  is  an  inverted  lead  funnel,  the 

■  lindriad  part  is  5  inches  long  and  2  inches  in  diameter,  and  the 
r,p  ii  oj  inches  in  diameter  at  its  base,  and  is  pierced  by  several 
■-\v%  to  admit  of  the  free  passage  of  tho  electrolyte  (cupric  sulphate) : 
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the  cylindrical  part  is  protected  by  paint  where  it  traverses  the  zinc 
solution  :  the  elements  are  placed  in  a  6"  x  8"  glass  jar  covered  by  a 
porcelain  disc :  the  cupric  sulphate  solution  rests  on  the  lower  part  of 
the  jar,  and  the  zinc  solution  on  the  top  of  the  cupric  sulphate,  the 
two  solutions  not  mixing  by  virtue  of  the  diflference  of  their  specific 
gravities,  provided  the  cell  be  protected  against  mechanical  dis- 
turbance. 

As  a  large  deposit  of  copper  forms  on  this  lead  cone,  it  is  advisable 
to  cut  one  side  open  to  avoid  any  wedging  in  the  jar. 

E.  M.  F.  1  '08  volts :  internal  resistance  from  3  to  6  ohms. 

General  Abbott  sums  up  the  advantage  of  this  type  of  gravity ' 
(Daniell)  cell  as  follows :  "  no  porous  cell,  no  evaporation,  negative 
plate  of  large  surface  extending  entirely  through  the  solution  of  cupric 
sulphate,  facility  of  charging  whenever  desirable,  a  receptacle  for  the 
droppings  from  the  zinc  where  they  do  not  mingle  with  the  crystals 
of  the  sulphate  or  cover  the  negative  plate,  and  lastly,  convenient 
binding  posts  on  the  cover." 

Minotti  Testing  Cell, — The  Minotti  cell  is  a  type  of  Daniell  well 
adapted  for  the  purposes  of  rough  testing,  as  when  placing  mines  in 
position,  and  such  like  operations. 

In  PL  XX.  at  Fig.  4,  a  section  of  this  cell  is  shown,  and  at  Fig.  5  a 
plan  of  the  top  showing  the  20-ohm  galvanometer  it  is  connected  up 
with  :  the  cell  consists  of  a  copper  cup  c,  containing  some  crystals  of 
cupric  sulphate,  and  covered  with  a  fearnought  diaphragm,  placed  at 
the  bottom  of  an  ebonite  cell  E :  over  this  diaphragm  is  placed  some 
sawdust,  and  resting  on  the  top  of  this  is  a  disc  of  zinc  2,  on  another 
piece  of  fearnought :  the  upper  part  of  the  zinc,  and  its  connection 
with  the  insulated  wire  w,  are  carefully  insulated. 

E.  M.  F.  1  •  1  volts :  internal  resistance  6  to  7  ohms. 

The  connections  are  made  as  follows :  one  of  the  wires  u^  of 
the  object  to  be  tested  is  attached  to  the  terminal  ty  in  connection 
with  the  positive  electrode  c  by  the  wire  V)  :  the  other  main  wire  w^ 
is  attached  to  the  terminal  t^  of  the  galvanometer.  Fig.  5:  t*\  the 
other  terminal  of  the  galvanometer,  is  connected  by  a  short  piece  of 
wire  w "  to  the  contact  key  k :  the  negative  electrode  z  is  connected 
to  the  other  contact  of  the  key  k  by  the  wire  w :  thus  on  pressing 
down  the  key  i,  the  circuit  through  the  object  to  be  tested,  the  galva- 
nometer, and  the  battery  is  completed.    To  steady  the  galvanometer 
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Bfcdle,  B  bar  magnet  p,  Fig.  5  is  used.  The  whole  of  the  apparatus 
ii  cm-loeed  in  a  leathern  case  fitted  with  a  cover  and  strap, 

LtclaneM  Signal  and  Testing  Cells. — For  BigmtlUng  purposes  20  Le- 
cLinrhe  cells  of  the  agglomerate  type  known  as  No.  3  is  well  adapted, 

E,  il.  F.  1  ■  55  volts,  and  internal  resistance  of  each  cell  0  ■  8  ohm. 

For  the  pur^wses  of  testing  the  agglomerate  form  of  Leclancho 
fill  generally  used  is  known  as  the  No.  769  type. 

HI  M.  F.  1  -55  volts,  and  internal  resistance  of  each  cell  2-0  ohms. 

Standard  Cells. — A  sjwcially  devised  cell  is  necessary  in  electrical 
tfsting  as  a  measure  of  the  voltaic  standard  of  E,  11.  F.,  by  which  to 
ftimpate  the  E.  M.  F.  of  the  working  cells,  whether  of  the  firing, 
si^al,  or  testing  batteries. 

For  thia  purpose  either  a  form  of  the  Danielt  cell,  or  the  Clark,  or 
1*1'  La  line  element  is  commonly  u!>ed. 

In  I'l.  XX.,  at  Fig.  1,  a  section  of  the  Post  Office  Pattern  Standard 
i'jDii-II  i-ell  i^  shown,  where  G  is  a  glass  vessel  divided  into  two  com- 
Iflriiiients  by  the  glass  partition  P:  the  negative  element  is  formed  of 
<  uac  plute  2  pure,  and  well  amalgamated,  and  huDg  so  as  to  almost 
.uii  to  its  electrolyte  (saturated  solution  of  sulphate  of  zinc)  E:  the 
i-fitirt)  electrode  is  a  copper  strip  C,  which  is  placed  in  its  electro- 
iii.^  (ftulpbate  of  copper  with  crystals)  E'  contained  in  a  porous  pot : 
■  .rmandirig  this  porous  pi^t  is  water  W. 

When  required  for  testing  purposes,  the  porous  pot,  with  its  coa- 
'  [iU  a  removed  from  the  water  {W)  compartment  and  inserted  into 
• . ■■  elertndyte  E.  This  cell  gives  an  E.  31,  F.  of  1*07  volts,  and  is 
_  scij  ouuatout. 

^^  It.  ^Ieasurixo  Instbcments. 

^^^^ftv  actual   work   in   a  system  of  defence   by   submarine  mines, 

^^^Baf^  very  simplest   forms   of  electrical   measuring   instruments 

^^JPHTli*   re4)uired,   such    es    the    siugle,    and    three-coil    detector 

'i    gilTnsuimeter,  for  rough  tests  as  to  the  efficiency  of  joints,  A-c,  for 

cMidwtivily,  and   as  to  the  state  of  the  mine  circuit  generally :  an 

ttHmiiif  galvanometer,  AVheatstone  bridge,  and  tbernio-galvanometor, 

twgtrfher  with  a  commutator,  and  firing  keys  in  connection  with  the 

\p».  t«ble   and  shore  instrument  situated  in  the  mine  stations,  for 

"vfa  aet  uf  mines. 

Id    tbo   mine  depot  it   will    bo    necessary,   however,   to   provide 
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electrical  instruments  for  the  purposes  of  elaborate  tests  in  connection 
with  the  cables,  circuit  closers  with  their  delicate  relays,  fuzes, 
batteries,  &c.,  during  and  after  construction,  and  in  the  proving  of 
the  eflSciency  of  the  electrical  gear  obtained  from  private  manu- 
factories. 

It  would  of  course  be  impossible  to  enumerate  and  describe  all 
the  electrical  instruments  which  it  might  be  considered  necessary  to 
provide  by  those  in  charge  of  the  different  torpedo  depots  for  these 
purposes,  and  therefore  only  a  brief  description  of  those  instruments 
absolutely  required  with  a  system  of  defence  by  submarine  mines 
will  be  given  here,  as  enumerated  in  the  following  list : — 

1.  Siemens  Universal  Galvanometer. 

2.  Three-coil  Galvanometer. 

3.  Detector  Galvanometer. 

4.  Thermo-Galvanometer. 

5.  Direct  reading  Voltmeter. 

6.  Direct  reading  Ammeter. 

7.  Steel-yard  Ammeter. 

8.  Low  constant  Voltmeter. 

9.  Commutator. 

10.  Firing  Keys. 

11.  Shunt. 

12.  Bheostat. 

18.  Besistance  Box. 

14.  Wheatstone  Bridge. 

15.  Telegraph  Instruments. 

Siemens  Universal  Odlvanometer. — A  complete  description  of  this 
very  useful  galvanometer  with  diagrams  for  the  various  tests  will  be 
found  in  the  previous  edition  of  this  work,  and  as  this  information  also 
accompanies  each  instrument  supplied  by  Messrs.  Siemens  Brothers,  it 
will  be  unnecessary  to  repeat  it  here. 

The  Siemens  Universal  Galvanometer  is  an  instrument  combining 
in  itself  all  the  arrangements  necessary  for  the  following  operations : — 

1.  For  measuring  electrical  resistances. 

2.  For  comparing  electromotive  forces. 

3.  For  measuring  the  intensity  of  a  current. 
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The  instnmient  which  is  shown  in  PL  XXI.  consists  of  a 
sensitive  galyanometer  which  can  be  turned  in  a  horizontal  plane, 
combined  with  a  resistance  bridge  (the  wire  of  which  bridge  instead  of 
tieing  straight  is  stretched  round  part  of  a  circle).  The  galvanometer 
has  an  astatic  needle^  suspended  by  a  cocoon  fibre,  and  a  flat  bobbing 
£rame  wound  with  fine  wire.  The  needle  swings  above  a  cardboard 
dkl  divided  in  degrees ;  as  however,  when  using  the  instrument  the 
deflection  of  the  needle  is  never  read  off,  but  the  needle  instead  always 
.  brought  to  zero,  two  ivory  limiting  pins  are  placed  at  about  20  degrees 
on  each  side  of  zero. 

The  galvanometer  is  fixed  on  a  graduated  slate  disc,  round  which 
the  platinum  wire  is  stretched.  Underneath  the  slate  disc  three 
resistance  coils  of  the  value  of  10, 100,  and  1000  Siemens  units  are 
wound  on  a  hollow  wooden  block,  which  protrudes  at  one  side,  and 
the  projection  carries  the  terminals  for  the  reception  of  the  leading 
vires  from  the  battery  and  unknown  resistance.  The  adoption  of 
three  different  resistance  coils  enables  the  measuring  of  large  as  well 
as  small  resistances  with  sufficient  accuracy. 

The  whole  instrument  is  mounted  on  a  wooden  disc,  which  is 
wipported  by  three  levelling  screws,  so  that  it  may  be  turned  round 
it«  axle. 

Three-coil  Odlvanometer. — The  three-coil  galvanometer  is  illustrated 
in  PL  XXII.  where  Fig.  1  is  a  general  sketch,  and  Fig.  2  a  diagram 
of  the  connections. 

It  consists  of  a  magnetic  needle  (usually  hung  vortically) 
pivot»-<l  in  the  centre  of  three  coils  of  insulated  wire  c,  c\  of  2,  10, 
knd  1000  ohms  resistance  respectively,  and  having  an  index  needle 
Attaohe^l  to  move  with  it :  the  index  needle  moves  over  a  dial,  Fig.  1, 
ELiirke<l  in  degrees  from  zero  to  90*^  each  way :  one  wire  of  each  of 
tL-  <"v»il3  is  connected  to  a  brass  plate  J,  Vy  I",  respectively  marked 
with  the  amount  of  the  resistance  of  its  respective  coil:  tlio  other 
•-:j1  of  the  coils  is  connected  to  one  j)ole  of  the  battery  it  is 
.  ,.nn»-'"t«*d  up  with:  the  other  pole  of  which  is  connected  to  the 
t'.nuiiiiil  ^ :  a  is  a  strip  of  brass  separated  from  the  brass  pieces  />,  //,  h" 
Ky  !*jtii-«'S  which  can  be  bridged  over  by  a  plug,  and  having  the 
i»rruiinal  t' i  by  means  of  the  plug  either  the  2,  10,  or  lOOO  olims 
T^istance  can  be  put  into  the  circuit. 

Dtt^dor   Galvanometer. — ^The  detector  galvanometer  is   similar  in 
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all  respects  to  the  three-coil  galvanometer  previously  described,  with 
the  exception  that  there  is  only  one  (high)  resistance  coil. 

ThermO'Galvanometer. — A  thermo-galvanometer  is  an  instrument 
used  to  ascertain  the  power  of  a  firing  battery  to  fuze  the  iridic- 
platinum  wire  bridge  of  the  mine  fuzes. 

The  form  of  thermo-galvanometer  adapted  for  submarine  mine 
work  is  as  follows:  two  ebonite  studs  fitted  with  brass  connecting 
screws  are  fixed  to  the  lid  of  a  box  containing  certain  resistance  coils 
and  connected  up  in  circuit  with  them  :  these  ebonite  studs  are  placed 
about  0*3  inch  apart,  between  which  a  piece  of  wire  to  be  tested  is 
stretched. 

Another  form  of  thermo-galvanometer,  which  is  very  portable 
and  compact,  is  shown  in  section,  in  PI.  XXII.  at  Fig.  5.  It 
consists  of  a  wooden  box  a,  with  an  ebonite  cover  e,  containing 
a  resistance  coil  r :  J,  h',  two  standards  between  which  is  fixed  the  card 
containing  a  number  of  lengths  of  the  iridio-platinum  wire  to  be 
tested :  F  is  Si  firing  key  in  connection  with  the  terminal  t,  which 
terminal  is  connected  with  one  end  of  the  resistance  coil  wire :  the 
other  end  of  this  coil  wire  is  attached  to  the  terminal  f,  which 
terminal  is  carried  to  one  of  the  standards  b' :  two  other  terminals, 
t"  and  f,  are  provided,  t"  being  connected  to  the  firing  key  contact  /, 
and  f  to  the  standard  b :  the  two  terminals  t,  (  are  provided  for  the 
purpose  of  being  able  to  cut  out  the  resistance  coil  r  when  required, 
which  is  eflfected  by  short  circuiting  by  means  of  a  piece  of  thick  wire 
joined  across  these  terminals. 

Direct  reading  Voltmeter  and  Ammeter. — These  instruments  enable 
the  E.  ]VI.  F.  and  current  to  be  read  oflf  direct  in  volts  and  amperes. 

Messrs.  Siemens  Bros,  have  designed  two  such  instruments,  which 
have  no  permanent  magnets  in  their  construction,  never  require  to  be 
recalibrated,  and  may  be  left  constantly  on  the  circuit. 

The  ammeter  is  constructed  on  the  following  principle :  a  soft 
iron  core,  mounted  on  pivots,  and  provided  with  two  arm  projecting 
pole  pieces,  is  surrounded  by  a  coil  of  wire,  the  straight  ends  of  which 
pass  over  these  projections :  a  current  passing  through  the  coil  mag- 
netises the  core,  and  the  arm  projecting  pole  pieces  are  acted  on  by 
the  current  passing  through  the  straight  conductors  at  the  coil  ends, 
and  the  deflection  thus  caused  is  balanced  by  the  usual  torsion  spring. 

The  voltmeter  is  made  on  the  same  principle,  two  separate  fine 
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wiie  coils  boing  ased,  one  to  magnetbe  the  core,  and  one,  placed 
pumUel  to  the  arm  projections,  to  give  the  necessar)*  deflecting  force. 

This  principle  enables  theae  instruments  to  be  made  to  give  direct 
readtngB. 

Tie  Steel-yard  Ammekr. — Tlie  steel-yard  Ammeter  shown  in  eleva- 
.  u  in  PL  XXII,  at  Fig,  3  is  constructed  by  the  Electrical  Power 
-(<.r»ge  Co,  (Drake  and  (Wham's  patent),  and  has  been  designed 
wiih  «  riew  to  obtaining  a  simple  and  mechanical  arrangement  nhich 
CUB  vith  safety  be  placed  in  unskilled  hands.  As  no  permanent 
::i:kzii:CLs  are  employed,  the  instrument  will  remain  correct  for  niiy 
i-L:tli  of  time,  and  owing  to  the  length  of  the  scale  the  readings 
111  be  accurately  taken. 

The  ammeters,  which  are  direct  reading,  are  made  to  read  np  to 
l\,  20,  40.  60,  SO,  lUO,  120,  and  250  amperes. 

This  ammeter  consists  of  a  solenoid  E  -.  a  soft  iron  rod  t  pivoted  at  a, 
I  joined  to  a  German  silver  yard  on  which  the  scale  is  marked: 
tMe  sliding  weight  w :  two  terminals  t,  t,  the  circuit  between 
1  U  made  or  broken  by  the  plug  p :  a  compass  is  also  provided 
fribuoing  direction  of  current. 
l^livn  no  current  is  passing  and  the  weight  w  is  placed  at  zero,  the 
iiid  it  perfectly  balanced ;  as  soon  as  the  circuit  is  closed  the  solenoid 
mrki  duwn  the  soft  iron  rod,  and  by  sliding  the  weight  w  along  the 
••aIc  to  ihp  point  at  which  it  overcomes  the  pull  of  the  solenoid,  the 
ndae  current  sent  through  the  solenoid  coil  is  then  measured  by  the 
vling  on  the  scale  at  that  point. 
JUnr  ContlaiU  Voltmeter. — This  instrument,  constructed  by  the 
t.  P.  S.  Co.,  is  a  very  useful  one  for  the  pur^Mjses  of  testing  the  E.  51.  F. 
i  e»ch  cell  of  a  battery.  It  Ja  shown  in  elevation  in  PI,  XXII.  at 
Ii?.  4. 

It  ncaanres  cloctromolive  forces  between  0  and  2  ■  5  volts  with  great 

>-,-imcy,  and  at  the  same  time  indicates  the  diret^tion  of  the  current. 

The  internal  construction  of  this  instrument  is  somewhat  similar  to 

-.MT  deflecting  voltmeters,  and  consists  of  a  soft  iron  needle  pivoted 

:li<'  poles  of  a  magnet :  the  effect  of  closing  the  circuit  being 

-I  )0  of  the  needle  from  its  normal  position  either  to  the  right 

:  ■.  ft,  according  to  the  direction  of  the  current. 

M\a  (car  need  be  entertained  of  alteration  through  the  use 

J  :nt  magnetic  jKile  pieces,  probably  not  more  than  0*4  volt 
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per  aunum,  and  this  change  is  not  important,  as  the  object  of  the  test 
made  with  this  instrument  is  to  ascertain  the  comparative  power  of 
each  cell  rather  than  the  precise  E.  M.  F. 

Commutator. — ^A  commutator  is  a  key  instrument  by  which  the 
direction  of  currents  may  be  changed  at  will,  or  by  which  a  varying 
number  of  cells  may  be  switched  into  a  circuit. 

In  Fl.  XXIII.  at  Fig.  5  a  diagram  of  the  connections  of  such  an 
instrument  is  shown,  k,  k'  are  two  keys  connected  respectively  to  the 
line  at  L  and  to  the  earth  at  E  of  the  circuit  through  which  the 
currents  are  to  be  sent :  in  their  normal  position  they  press  against 
the  bar  a,  to  which  the  wire  w  from  the  positive  electrode  of  the 
battery  is  connected :  &  is  *  another  bar  placed  below  the  keys,  to 
which  the  wire  w'  of  the  negative  electrode  is  connected.  If  the 
key  k  be  pressed  down  in  contact  with  the  bar  ft,  a  negative  curr^it 
from  the  battery  flows  into  the  line :  if  the  key  k'  be  similarly  pressed 
down  a  positive  current  flows  into  the  line. 

Firing  Key, — This  instrument  is  intended  for  the  making  and 
breaking  of  the  firing  circuit,  and  is  constructed  on  the  same  principle 
as  all  others  intended  for  a  similar  purpose,  with  the  addition  of  a 
safety  locking  arrangement  by  which  to  prevent  the  premature  making 
of  the  circuit. 

One  form  of  a  firing  key  is  shown  in  PL  XXIII.,  where  Fig.  1 
is  a  vertical  section.  It  consists  of  a  wooden  box  A,  weighted  with 
lead  at  the  bottom,  to  steady  the  key  when  in  use  on  a  table,  &c. : 
6  is  a  piece  of  ebonite  in  which  is  fixed  the  terminals  ^',  the  pivot  p  of 
the  firing  key  /,  and  the  firing  key  contact  piece  c,  which  are  thos 
insulated  one  from  another :  the  terminal  t  is  connected  to  the  contact 
piece  c,  and  the  terminal  t'  to  the  firing  key  pivot ;  thus  the  circuit 
between  the  fuze  and  the  battery  (the  other  terminal  of  the  fuze  and 
battery  being  to  earth)  is  completed  when  the  key  /  is  pressed  down 
in  contact  with  c :  the  spring  d  keeps  the  key  off  the  contact  piece  ez 
8  is  the  safety  or  half-cock  arrangement,  which  when  in  position 
prevents  the  firing  key  from  being  pressed  down. 

For  the  purpose  of  firing  a  number  of  mines  by  the  "  observation  ^ 
or  ^'  at  will "  method,  a  number  of  these  keys  may  be  arranged  on  one 
stand,  when  they  form  a  series  of  firing  keys. 

A  Shtmt. — A  shunt  is  a  resistance  coil,  or  coil  of  fine  wire  uaed  to 
divert  some  definite  portion  of  the  current,  taking  it  past  the  galvano* 
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meter  instead  of  through  its  coils :  thus  the  sensibility  of  a  galyano- 
meter  may  be  varied  to  any  extent 

In  PL  XXIIL  at  Fig.  3  is  shown  the  arrangement  of  a  shunt  with 
i  galranometer :  g  is  the  galvanometer  coils :  8  the  shunt  coil :  Wy  w 
the  wires  of  the  circuit  to  be  tested.  Then  suppose  the  shunt  to  be 
Jth  the  resistance  of  the  galvanometer,  9  parts  of  the  current  will  pass 
through  the  shunt  $^  and  1  part  througl)  the  galvanometer :  therefore 
^1  ^o^^  ^^  ^®  deflection  is  shown  on  the  galvanometer  of  what 
would  have  been  shown  had  no  shunt  been  used  (supposing  a  mirror 
gilvanometer  to  have  been  used). 

Gralyanometers  are  now  usually  provided  with  shunts  equal  to 
|th,  ^thy  and  ^i^th  of  the  galvanometer  resbtance ;  by  these  the 
sensibility  of  the  instrument  is  increased  a  thousand-fold. 

With  a  constant  current,  and  an  instrument  whose  deflections  are 

proportional  to  the  currents,  and  where  d^  d!  are  respectively  the 

deflections  without  and  with    the  shunt,  the  following  formula  is 

generally  practicable : 

did' : :  g  +  sis. 

The  resistance  of  the  shunt  will  in  all  cases  diminish  the;  resistance 

of  the  circuit,  so  that  unless  the  resistance  of  the  galvanometer  forms 

bo  sensible  part  of  the  whole  resistance  the  deflections  will  not  be 

altered  in  the  above  proportion.    In  this  case,  suppose  22  to  be  the 

resistance  of  the  circuit,  except  the  galvanometer ;  then  B  +  g  will 

0  s 
be  the  whole  resistance  when  no  shunt  is  used,  and  B  +  -r  ,—-  when 

the  shunt  is  used.    Compounding  this  ratio  with  the  former  cue,  then 

d:d:::B(ff  +  8)  +  g  8\{B  +  g)  8 

for  the  deflections  due  to  a  constant  K  M.  F.  with  and  without  the 
ihnnt* 

A  BheoskU. — A  rheostat  is  an  instrument  used  for  the  comparison 
of  resistances,  and  is  often  employed  in  connection  with  the  thermo- 
gidvanometer. 

Wlieatstone's  rheostat  is  shown  in  elevation  in  PI.  XXIIL  at 
Fij.  4.  It  consists  of  two  cylinders  A  and  JB,  one  of  brass  and  the 
*AheT  of  non-conducting  material,  and  so  arranged  that  a  copper  wire 
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can  be  wound  ofif  the  one  cylinder  on  to  the  other  by  turning  the 
handle  C.  The  surface  of  the  insulated  cylinder  B  has  a  screw 
thread-  cut  in  it  for  its  whole  length,  in  which  the  turns  of  the  copper 
wire  may  lie,  so  that  its  successive  convolutions  are  well  insulated 
from  each  other.  Two  binding  screws,  ty  t\  connected  with  the  ends  of 
the  copper  wire  are  provided,  to  which  the  circuit  wires  are  attached. 
A  scale  is  provided,  by  means  of  which  the  number  of  convolutions 
on  B  can  be  read  oflf ;  and  parts  of  a  revolution  are  indicated  on  a 
circle  at  one  end.  The  handle  C  can  be  shifted  from  one  cylinder  to 
the  other. 

Supposing  the  rheostat  introduced  into  a  circuit,  and  the  whole  of 
the  copper  wire  wrapped  on  the  metal  cylinder  il,  then,  on  account 
of  the  large  section  of  this  metal  cylinder,  its  resistance  may  be 
entirely  neglected,  but  for  every  convolution  of  the  wire  on  the  non- 
conducting cylinder  J3,  a  specific  resistance  is  introduced  into  the 
circuit.  The  amount  of  resistance  can  thus  be  varied  as  gradually  as 
desired  by  winding  on  and  off  the  cylinder  B. 

Besislance  Box, — The  general  arrangement  of  a  resistance  box  is 
shown  in  the  diagram,  PI.  XXIII.,  Fig.  2. 

Between  two  terminal  binding  screws  t  and  t*  secured  on  a  vul- 
canite slab  are  fixed  a  series  of  brass  junction  pieces,  a,  h,  c,  d,  e;  each 
of  these  is  connected  by  a  resistance  coil  to  its  neighbour,  as  shown  at 
1,  2,  3,  and  4,  A  number  of  brass  conical  plugs  with  insulating 
handles  of  vulcanite  are  provided,  which  can  be  inserted  between  any 
two  successive  junction  pieces,  as  between  a  and  b,  or  b  and  c. 

With  all  the  plugs  inserted,  the  electrical  current  will  flow  direct 
from  t  to  t',  the  large  metallic  junction  pieces  directly  connected  by 
the  plugs  would  offer  no  sensible  resistance  ;  but  if  all  the  plugs  were 
removed,  then  the  current  would  flow  through  each  of  the  coils  1,  2, 
3,  and  4,  and  the  resistance  in  the  circuit  would  be  the  sum  of  the 
resistances  of  those  four  coils.  With  the  plugs  arranged  as  in  the 
figure,  the  current  would  flow  through  coil  4  only,  and  the  resistance 
in  the  circuit  would  be  equal  to  the  resistance  of  that  coil. 

WJieatsUytie's  Balance. — The  electrical  conductivity  of  a  body  is 
determined  by  ascertaining  the  ratio  between  the  resistance  of  a 
certain  length  of  the  conductor  in  question,  having  a  given  section, 
to  that  of  a  known  length  of  a  known  section  of  some  substance  taken 
as  a  standard. 
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For  this  purpose  Wheatstone's  bridge  in  connection  with  a  box  of 
resistance  coils  is  the  most  convenient  method. 

In  PL  XXIV.  at  Fig.  2  is  shown  Wheatstone's  balance  (Post-oflSce 
pattern),  and  at  Fig.  1  the  apparatus  is  reduced  into  the  form  of  a 
parallelogram^  which  is  the  usual  diagram  of  Wheatstone's  bridge. 
Ihe  theory  of  the  bridge  is  as  follows : 

Four  conductors,  A  B,  B  C,  A  D,  and  D  C  are  joined  at  A  and  C 
to  the  poles  of  a  battery  H;  the  resistance  between  A  and  B  is  r; 
that  between  A  and  D  is  i2;  that  between  D  and  G  is  R^;  and  that 
l^tween  B  and  C  is  x,  the  unknown  resistance  to  be  measured.  A 
convenient  constant  ration  is  chosen  for  B,  and  r,  such  as  equality 
1  to  10,  1  to  100,  or  1  to  1000;  and  then  B^  is  adjusted  until  no 
current  flows  through  the  galvanometer  G ;  when  this  is  the  case  we 

have  jB  :  r  =  JSj :  x,  or  x=  p  ^i;  so  that  if  r  =  =^ ,  x  will  be  equal 


to 


B    * ' 100' 

Bi 


100. 

Two  keys  a  and  I  are  inserted ;  the  current  is  wholly  cut  off  the 
four  conductors  until  contact  is  made  at  a;  and  then  after  the 
currents  in  the  four  conductors  have  come  to  their  permanent 
f-ondition,  contact  is  made  at  6  to  test  whether  any  current  flows 
through  the  galvanometer.  The  three  resistances  JB,  B^  and  r  and 
the  resistance  of  the  galvanometer  should  be  small  if  x  is  small,  and 
{H'eat  if  X  is  great. 

The  conductors  A  B  and  -4  D  of  the  bridge  are  each  formed  of 
three  resistance  coils  having  a  resistance  of  10,  100,  and  1000  ohms 
respectively,  inserted  between  the  terminals  B  and  D  of  the  balance, 


The  conductor  ly  G  is  formed  of  a  set  of  resistance  coils  from  1  up 
Uj  400<J  ohms,  amounting  altogether  to  11,110  ohms,  inserted  between 
the  terminals  D'  and  G  of  the  balance ;  in  the  balance,  a  brass  plug 
Ifing  inserted  between  the  terminals  D  and  U,  they  may  be  con- 
si*  !••  red  as  one  terminal  D.  The  wire  x  to  be  tested  is  conueeted  to 
the  terminals  B  and  C  of  the  balance. 

Measurement  of  Besistaiices, — When  a  resistance  is  to  be  measured 
that  is  within  the  range  of  the  coils  in  B\  B  and  r  are  made  equal. 
The  needle  of  the  galvanometer  will  move  in  a  different  direction, 
either  to  the  right  or  to  the  left,  a<'cordiii<^  as  the  resistance  in  JBi  is 
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greater  or  less  tlian  the  line  wire  ar.  The  needle  remains  at  zero  only 
when  the  resistance  in  i?i  is  equal  to  that  in  x.    For  r  :  B:  :  B}  :  x. 

When  the  resistance  of  ar  is  greater  than  that  of  i2\  as  in  an 
insulation  test,  the  resistance  in  r  is  made  lets  than  in  R,  in  order  that 
r  and  B  may  have  such  a  proportion  one  to  the  other  as  will  enable  the 
coils  in  B^  to  balance  a  resistance  in  x,  greater  than  their  own,  that  is 
to  say,  greater  than  II4OO  ohms ;  thus  r  :  B  :  :  B^ :  x^ot  suppose 
10  (r)  :  1000  (R)  : :  10,000  (Bi)  :  ar,  then  the  resistance  in  the  line 
under  test  would  be  1,000,000  ohms. 

When  the  resistance  to  be  tested  is  less  than  that  of  the  least  cuil 
in  B^  (1  ohm),  then  r  is  made  greater  than  B.  Thus  in  this  case 
r  :  B  ::  B^ :  X,  might  be  arranged  as  100  :  10  :  :  2  :  a;,  giving  the 
resistance  of  the  circuit  under  test  as  0  *  2  ohm. 

In  all  cases  the  battery  key  a  should  first  be  depressed,  then  the 
galvanometer  key  &,  making  very  short  contacts  with  the  latter  (just 
sufficient  to  show  the  direction  of  the  deflections  of  the  needle)  until 
the  resistance  B^  is  nearly  adjusted,  otherwise  considerable  time  will 
be  lost  in  making  a  series  of  tests,  owing  to  the  swing  given  to  the 
needle.  When  once  the  resistance  in  B^  is  adjusted  and  a  balance 
obtained,  it  should  be  ascertained  whether  the  needle  will  remain  steady 
when  contact  is  made  and  broken. 

Telegraph  Instruments. — Telegraph  communication  is  very  necessary 
either  between  submarine  mine  stations,  or  between  boats  employed  in 
laying  out  mines  and  the  station  connected  with  them,  or  again,  between 
a  ship  and  its  guard  boats. 

For  permanent  work  the  Morse  recording  telegraph  instrument  is 
usually  employed. 

For  boat  work  the  Morse  sounder  instrument  is  generally  adopted. 

One  core  of  the  seven-cored  multiple  cable  is  often  utilized  for 
telegraph  purposes. 

Both  of  these  instruments  more  particularly  belong  to  telegrapli 
work,  and  are  besides  too  well  known  to  need  description  here. 
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DIBECTTV-E   APPARATHS. 

L  TlwScrrlm  Shalter  Apr«ntliu-~2.  Thp  McEvoy  Bhaitei  Apparatus— 3.  The  McEtot 
lViabl«  Main  &jslcin— 4.  The  Iiitcrsei.-tioiial  Are  lastrunicnts— 5.  Tljc  Firiug  Aro— 
S,  ThaCoarerging  Arc — 7.  The  nunipnktian  oF  IntoisraliatiBl  Are  logltunienls  useil 
kIodc— 8.  iQcombiiutionwith  the  BcmceSliuttcr  Apparatus:  First  method—?.  Seoonil 
Btibfld— 10.  The   DiFthotl  of  nalog  two   Firing  Atcj — 11.  Tlie   Siemcna'   DiBtanci: 

DIRECTr\*E  instruments  are  neeessary  ailjuncts  of  a  system  of 
controlled  submarine  mines  for  providing  the  operator  in  the 
mine  station  with  the  means  whereby  to  control  the  firing  of  the 
mines,  and  also  by  which  the  fact  of  a  particular  electro-contact  mine 
haTing  been  struck  by  a  passing  vessel  is  indicated  to  him  by  the 
Ha^ng  of  a  bell  in  the  station :  further,  such  are  required  for  the 
porpose  of  observing  the  exact  moment  of  a  ship,  attempting  to  cross 
a  miao  field,  being  directly  over  any  particular  mine,  in  observation 
firing,  so  that  the  mine  may  be  exploded  "  automatically "  or  "  at 
will."  or  left  unexploded  ns  circumstances  demand. 

In  fact  all  the  various  ox>erations  of  a  system  of  controlled  mines 
e  directed  by  these  instruments,  which  include  the  following : — 

1.  The  Service  Shatter  Apparatus. 

2.  The  }kIc£voy  Shutter  Apparatus. 

3.  Intersectional  Arc  (observation)  Instrumeats. 

4.  The  Siemens'  Distance  Measurer. 

Tht  S«rvtc6  Shutter  Apparatus. — The    shutter    apparatus  is    an 

l^^wtrieal  instrument    arranged  to  automatically  switch   the  tiring 

battery  into  the  circuit  of  a  mine  at  the  instant  of  that  particular  one 

being  strnclc  by  an  enemy's  vessel,  and  at  the  same  time  to  indicate 

t  lact,  and  the  number  of  the  mine  by  the  dropping  of  a  "  shutter  " 

to  s  bell ;  each  miae  is  provided  with  its  onn  shutter  appamtos. 
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the  shutter  of  each  being  marked  with  the  number  of  the  mine  it  is 
in  circuit  with. 

The  firing  battery  may,  however,  be  "  cut  out "  of  the  mine  circuit, 
in  which  case  on  a  vessel  striking  any  p€U*ticular  mine  this  would 
merely  cause  its  shutter  to  drop  and  ring  its  bell,  but  the  mine  would 
not  be  exploded,  and  the  operator  could  then  either  fire  it  by  inserting 
a  plug,  or  permit  the  vessel  to  pass  unharmed  over  the  mine. 

The  shutter  apparatus  can  also  be  used  with  the  intersectional 
arc  instruments  in  connection  with  observation  firing,  when  the  latter 
performs  the  function  of  the  ship  striking  a  mine  by  putting  the 
signal  battery  to  earth,  thus  causing  the  shutter  of  that  mine  to  drop, 
and  exploding  it  if  the  firing  battery  be  in  circuit. 

The  shutter  apparatus  about  to  be  described  is  the  one  constructed 
by  Messrs.  Siemens  Brothers,  but  it  is  in  principle  identical  with  the 
form  of  shutter  apparatus  usually  employed  in  connection  with  a 
system  of  controlled  submarine  mines,  and  differs  only  in  a  few  details 
of  construction  from  the  English  service  instrument. 

At  PL  XXV.,  Fig.  1,  is  shown  a  diagram  of  a  single  shutter 
apparatus,  where  il  is  a  piece  of  ebonite  to  which  all  the  working 
parts  are  attached:  E,  E^,  are  two  electro-magnets,  whose  coils  are 
connected  up  in  series;  a  is  the  armature  revolving  round  a  pivot 
at  6;  r  is  a  spiral  spring  of  just  suflBcient  strength  to  hold  the 
armature  off  the  poles  of  the  electro-magnets  until  the  current  from 
the  signal  battery  (passing  through  its  coils)  is  powerful  enough  to 
cause  the  armature  to  be  pulled  over ;  e,  e^  are  two  adjustable  stops ; 
S  is  the  shutter;  L  the  shutter  lever  pivoted  at  the  point  of  the 
connecting  piece  C;  d  is  a  connecting  metal  strip  terminating  in  a 
platinum  point,  and  so  arranged  with  the  lever  L,  that  it  is  only  in 
contact  therewith  when  the  shutter  is  in  the  horizontal  position,  as 
shown  in  the  diagram;  c  is  a  double  contact  spring  between  which 
the  lever  L  falls  when  the  shutter  drops ;  N  and  M  are  two  main 
terminals  attached  on  the  top  of  the  instrument,  the  former  in 
connection  with  the  strip  D,  and  the  latter  with  the  connecting 
piece  C;  the  iV  terminal  is  used  for  connecting  up  the  telescopic 
arc,  and  to  the  M  terminal  the  mine  cable  is  attached ;  the  number 
on  the  shutter  indicates  that  this  instrument  is  in  circuit  with  No.  1 
mine  ;  G  is  the  signalling  battery,  one  pole  of  which  is  put  to  earth 
at  ff,  and  the  other  is  connected  to  the  brass  plc^te  f^  of  the  com- 
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nnUbir  X;  H  ia  the  firing  battery,  one  pole  of  wbicli  is  put  to 
cBitli  at  h,  and  tbe  other  is  connected  to  the  terminal  t  of  the  plug 
eoaoectiog  piece  Y, 

The  connections  of  this  instrument  are  as  follows :  one  end  of 
the  elertro-magnpt  coil  is  connected  to  the  middle  piece  Q  of  the 
commntator  X:  the  other  end  of  this  coil  is  attached  to  the  strip  d ; 
the  doablfl  contact  spring  c  is  connected  to  the  second  part  k  of  tbe 
plug  connecting  piece  Y. 

As  shown  ia  the  diagram,  both  the  signalling  and  firing  batteries 
MP  cat  ont  of  circuit,  but  on  inserting  a  brass  plug  between  P  and  Q, 
a  corrent  passes  from  the  signalling  battery  through  the  coils  of  the 
dretro-magnets  to  the  strip  d,  by  it  to  the  connecting  piece  C,  and 
from  ibt-se  it  branches  off  to  the  terminals  N  and  M  respectively; 
tlivn  supposing  the  mine  only  in  circuit  with  this  shutter  apparatus, 
the  current  will  pass  by  the  cable  R  to  the  circuit  closer  in  the 
Bitte  and  BO  to  earth,  thus  completing  the  circuit  of  the  signalling 
htlt^rv. 

liv  Tvason  of  a  high  resistance  in  the  circuit  closer,  the  current 
from  the  battery  G  is  not  powerful  enough  to  cause  the  armature  of 
Uie  clei'tro-magnets  J5,E'  to  be  attracted  against  the  spring  S;  but  on 
the  mine  being  struck  by  a  passing  vessel,  this  high  resistance  is 
•hort  circuited  by  the  action  of  the  circuit  closer,  and  then  the  current 
ffow  the  tottery  G  becomes  strong  enough  to  cause  the  armature  a 
to  be  attrHcte<l.  and  so  releases  the  lever  L  of  the  shutter  S,  which 
lerer  in  falling  breaks  contact  between  it  and  the  strip,  and  opens 
ihe  circuit  of  the  battery  G,  and  then  continuing  its  fall  makes 
contact  with  the  double  contact  piece  c,  while  the  shutter  8 
rtriki'a  its  bell  Z:  if  a  plug  has  been  previously  inserfcd  between 
Ibc  contact  pieces  I  and  k  of  Y,  tbe  firing  battery  current  is  then 
■nttmatically  switched  into  the  mine  circuit  through  the  contacts, 
and  the  mine  is  exploded :  should  this  jilug,  however,  not  have 
Lbw-n  inserted,  the  mine  would  remain  unexphHicd,  and  merely  the 
Bibct  of  this  mine  having  been  stmek  be  recorded :  tbe  operator 
at  the  mine  station  where  the  shutter  apparatus  is  placed  may 
then  fire  the  mine  if  he  so  desire,  by  merely  inserting  the  plug 
between  T  and  K.  If  the  mine  ia  not  exploded  on  its  shutter  falling. 
I  ia  only  necessary  to  replace  its  shutter  in  the  horizontal  position 
9  Kltdcr  it  ready  for  nse  again :  if,  however,  the  mine  is  exploded. 
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the  shutter  is  left  down,  and  the  plugs  between  the  contact  pieces 
P  and  Qy  t  and  k,  removed. 

The  manipulation  of  this  shutter  apparatus  in  combination  with 
the  telescopic  arc  for  observation  firing  is  explained  at  page  112.  At 
PI.  XXV.,  Figs.  2  and  3,  is  shown  a  front  view  and  plan  of  a  box 
of  seven  of  these  shutter  instruments :  the  brass  contact  pieces  P  are 
joined  together,  and  the  double  contact  pieces  c  as  well :  a  box  with 
lock  and  key  is  fitted  over  the  firing  plug  contact  T,  for  safety 
purposes,  as  when  this  box  is  closed  the  plug  cannot  be  inserted. 

The  McEvoy  Shutter  Apparatus, — The  McEvoy  shutter  apparatus 
differs  from  the  service  instrument  previously  described,  in  that  only 
one  electric  bell  is  provided,  which  serves  for  all  the  mines,  and 
which  continues  to  sound  until  stopped ;  in  the  arrangement  of  the 
shutter  and  the  various  circuits ;  also  in  the  use  of  a  galvanometer 
which  may  be  put  in  or  out  of  circuit  at  wilL 

In  PL  XXYI.  is  shown  a  front  elevation  of  this  shutter  apparatus, 
with  a  side  view  of  one  of  the  shutter  electro-magnets,  and  all  the 
circuits. 

A  is  the  box  in  which  the  whole  of  the  apparatus  is  contained, 
provided  with  a  hinged  glass  front:  P  is  a  galvanometer:  Ny  N 
are  the  galvanometer  switch  plates :  6^,  6?^  with  a  terminal  on  the 
latter,  are  the  mine  switch  plates,  one  set  being  provided  for  each 
mine :  J,  J  are  the  firing  battery  switch  plates :  Jf  is  an  orditiary 
electric  continuous  ringing  bell,  provided  with  the  key  L\  The 
shutter  apparatus  (one  for  each  mine)  consists  of  two  electro-magnets 
E,  E:  an  armature  F  provided  with  a  catch:  a  shutter  G,  shown 
in  elevation  at  G^,  provided  with  a  knob  b,  and  a  metal  arm  G^ :  a 
spring  L,  and  a  spiral  h :  lastly  two  spring  metal  blades  £P,  E^.  The 
shutter  is  arranged  to  drop  between  vertical  guides,  so  that  the  arm  G^ 
passes  into  and  makes  contact  between  the  blades  £P,  £^  as  shown 
at(?*. 

The  arrangement  of  the  shutter  apparatus,  which  is  the  same  for 
each  mine,  is  as  follows :  the  armature  F  of  the  electro-magnet  E, 
and  the  head  of  the  shutter  G,  are  each  provided  with  a  catch  as  at  e, 
by  which  means  the  shutter  is  held  up,  as  at  G  and  (?^  unless  the 
armature  F  be  attracted  to  the  poles  of  electro-magnet  E  by  an 
electric  current  passing  round  the  coils  of  the  magnet,  or  be  pushed 
thereto  by  hand,  when  the  shutter  immediately  drops  down  as  sbowQ 
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at  C ;  it  may  then  be  replaced  in  the  position  G  by  lifting  it  up  by 
(be  knab  &. 

The  Tarious  circuits  contained  in  this  apparatus  ar6  as  follows: — 

1.  The  Hell  Circuit. — 3f '  is  the  battery  which  operates  the  electric 
bell  J/,  one  jwle  is  connected  to  the  terminal  T  in  electrical  connection 
by  the  wire  ic  with  the  bell  key  i' :  one  of  the  wires  X'  of  the  bell 
BM^net  is  connected  to  the  left  key  contact  piece :  the  other  wire  U 
is  atl&cbed  to  the  spring  L :  and  the  other  pole  of  the  battery  is 
awmected  to  the  terminal  J?,  which  is  in  electrical  connection  with 
the  spiral  h  by  the  wire  ic^ :  thus  with  the  key  L^  pushed  over  to  the 
left  ccHit«et  the  bell  will  ring,  when  by  dropping  the  shutter  5  the 
ipring  L  is  forced  into  contact  with  the  spiral  A- :  the  bell  can  bo 
■topped  ringing  by  pushing  the  key  to  the  right  contact,  or  by 
beaking  the  contact  between  L  and  k,  i.e.  by  lifting  up  the  sfauttei 
into  ltd  Qormul  position. 

2.  The  Signal  and  Testing  Circuits. — C  is  the  signal  battery, 
oDc  pole  of  which  is  connected  to  earth,  and  the  other  pole  to  the 
tcrauiial  T,  which  is  in  electrical  connection  by  the  wire  C  with 
one  end  of  the  galvanometer  coil,  and  with  the  switch  plate  N\  the 
other  pUte  being  attached  to  the  bar  D:  the  other  end  of  the 
gRlranometer  coil  is  also  connected  to  the  bar :  one  end  of  each  of  the 
ekftro-magnet  coils  is  connecteil  to  the  bar  1) :  the  other  end  of 
Ih^  magnet  coil  is  attached  to  its  armature :  the  switch  plate  G'  is 

-onected  to  the  shatter  guides  by  the  wire  G' :  by  plugging  either 
i  ihe  switch  plates,  and  leaving  the  other  switch  plates  unplugged 
lift  current  from  the  signal  battery  then  passes  by  the  terminal  T^ 
tkmigb  the  galvanometer  coil  to  the  rod  B,  through  the  shutter 
■•piet  coils  £,  £  of  the  mine  which  is  to  be  tested,  through 
'.u  cable  to  the  fuze  in  the  mine  and  by  earth  back  to  the  battery  C : 
'•■■■  di-llections  shown  on  the  galvanometer  attest  the  efficiency  of  its 
■rvtiii  M  Ui  conductivity:  each  of  the  mines  may  be  tested  in  this 
or :  Ih^  current  thus  passing  through  the  coils  of  the  shutter  magnet 
i*  D<rf  UDder  these  conditions  strong  enough  to  cause  its  armature  to 
be  attrai:UKl,  so  the  shutter  is  retained  in  its  normal  [>osition:  by 
plnggiofr  the  switch  plate  N,  N,  the  galvanometer  is  cut  out,  and 
if  theo  the  nuno  under  test  be  struck  by  a  vessel,  a  resistance  in 
ihe  mioo  itself  will  by  this  canse  be  cut  out,  and  the  si;;unl  current 
'  A  tiva  liccome  strong  enough  to  cause  the  armature  of  the  shutter 
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electro-magnet  of  this  particular  mine  to  be  attracted  to  the  poles  of 
the  magnet,  releasing  its  shutter,  which  in  dropping  will  cause  the 
spring  L  to  make  contact  with  the  spiral  Jk,  and  thus  set  the  bell  3f 
ringing,  provided  the  key  L^  has  been  pushed  over  to  the  left  contact : 
this  test  proves  that  the  circuit  closing  arrangement  in  this  mine  is  in 
good  order :  the  shutter  being  lifted  up  as  at  (?,  the  bell  stops  ringing : 
each  mine  may  be  separately  tested  in  this  manner.  The  bell  circuit 
may  also  be  tested  without  requiring  the  mines  to  be  struck,  by 
putting  either  of  the  terminals  T,  2^,  direct  to  earth,  the  switch  plate 
N,  N  being  plugged  up. 

3.  The  Firing  Circuits. — One  pole  of  the  firing  battery  I  is  put  to 
earth:  the  other  pole  is  connected  to  the  terminal  T^,  in  electrical 
connection  with  the  switch  plate  /:  the  other  switch  plate  /is  con- 
nected to  each  of  the  springs  H} :  if  the  switch  J,  J,  is  unplugged  the 
firing  battery  is  cut  out  of  the  main  circuit. 

For  the  automatic  firing  of  either  of  the  mines  on  being  struck  by 
a  passing  vessel,  the  switch  plate  iV,  N  is  plugged,  and  also  the 
firing  battery  switch  plate  /,  /,  and  each  mine  switch  plate  G\  6^  is 
also  plugged  up :  the  current  from  the  signal  battery  C  will  then  be 
passing  through  each  of  the  shutter  magnet  coils  and  each  mine 
system,  but  this  current  will  be  too  weak  to  cause  either  of  the 
armatures  to  be  attracted :  if,  however,  any  one  of  the  mines  be  struck 
by  a  passing  vessel,  that  mine  resistance  will  be  cut  out,  and  the 
armature  of  its  shutter  magnet  attracted,  thus  dropping  the  shutter, 
and  by  reason  of  its  metal  blade  (?*  making  contact  between  the 
springs  B},  B}  belonging  to  it,  the  current  of  the  firing  battery  J 
will  be  switched  into  the  circuit  of  that  mine  through  its  fuze,  and 
exploding  the  mine:  the  bell  at  the  same  time,  by  the  act  of  the 
dropping  shutter,  continuing  to  ring. 

Further,  with  the  plugs  in  i\r,  J",  and  in  all  of  the  mine  switch 
plates,  either  of  the  mines  could  be  fired  "  at  will "  by  pressing  back 
its  shutter  magnet  armature,  thus  causing  the  shutter  to  fall,  for 
which  purpose  knobs  protruding  through  the  front  of  the  case  are 
provided. 

Any  number  of  these  shutters  may  be  combined  in  one  box. 

McEvoxfa  Double  Main  Apparatus. — This  system  of  Captain  McEvoy's 
differs  in  one  important  respect  from  either  of  the  foregoing,  in  that 
all   the    functions  of   firing,   either  "at  will"  or   "automatically," 
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sgnAlIing,  and  testiug  any  oamber  of  mines  can  be  porfurmed  by 
■Huis  of  a  double  cored  mam  cnble  between  the  mine  station  and  the 
janctioD  box,  instead  of  reqiiiriog,  as  in  the  cnso  of  the  previously 
'Inscribed  systems,  a  teparate  core  for  each  individual  mine,  t.e.  a 
multiple  main  cuble ;  thereby  a  considerable  economy  is  efTected  in  the 
nutt'T  of  cable. 

This  system  consists  of  two  instruments,  one  placed  in  the  mine 

/.ion,  called  the  "shore"  instrument,  and  the  other  placed  in  the 

iiL-tion  box,  and  known  as  the  "sea  "  instrmnent, 

For  use  with  "  contact "  mines,  the  *'  shore  "  instrument  consists  of 

1  •iu;;le  shutter  apparatus,  an  electric  bell  for  signalling,  a  galvano- 

-i'  itT,  an  indcs  dial,  and  switching,  testing,  and  firing  keys,  and  the 

anxmtrj  battery  terminals. 

Fur  nso  with  "  observation  "  mines  only,  the  shutter  appoiatus  and 
tfe  dgna)  bell  are  omitted. 

The  "  sea  "  instrumeut  is  provided  with  a  step  by  step  arrangement, 
wkavhy  each  mine  can  be  switched  into  the  main  circuit,  and  it  also 
prondM  for  all  tho  mines  being  switched  into  the  circuit  at  the  same 
tiDM:  this  instrument  is  also  fitted  with  a  disconnector  for  each 
Bine. 

In  PL.  XXVII.  at  Fig.  2  is  shown  a  plan  of  the  shore  instrument, 
mJ  at  Fig.  1  a  general  plan  of  the  aea  instrument. 

In  Fig.  2  <?  is  the  galvanometer :  K  the  testing  key :  I)  the  index 
;ul  marked  with  the  number  of  each  mine  in  the  circuit,  the  pointer 
■i'  »hirh  is  moved  by  the  action  of  the  electro-magnetic  step  by  step 
■rjngement  c:  K*  is  the  switching  key  :  A'' is  the  firing  key  :  /andC 
the  main  cable  terminals :  T  is  the  testing  battery,  and  (*  its 
■-uiinal :  S  is  the  switching  battery,  and  P  its  terminal :  F  is  the 
-■■ing  batt«ry,  and  (*  its  terminal. 

The  **««"  instrument,  Fig.  1,  consists  of  the  electro-magnetic 
•Li-p  by  step  arrangement  E:    a  the  contact  piece  attached  to  and 

wniog  roaod  with  the  ratchet  wheel :  c',  c' c",  the  contact  springs, 

me  in  each  mine :  (P,d^. ,.  .if,  the  disconnectors,  one  for  each  mine : 

1,2,3 6,  the  mine  terminals:   t'' t',  the  terminals  for  the  electro 

^i^net-ouil :  C  tlio  matu  contact  piece,  M  one  of  the  six  minefl  for 
■hieli  tbe  apfiorataB  here  described  is  arranged  for, 
TIk  citcaits  are  as  follows : — 
I.  Switching  Circuit. — One  polo  of  the  switching  batu-ry  S  is  put  to 
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earth  E%  the  other  pole  is  connected  to  the  terminal  fi  of  the  shore 
instroment :  the  wire  v^  connects  ^  to  the  coil  of  e,  which  is  also 
connected  to  the  key  K^ :  the  contact  piece  of  this  key  is  connected 
by  the  wire  w^  to  the  main  terminal  t^,  then  by  one  core  of  the  main 
cable  to  terminal  ^  of  the  sea  instrument :  one  end  of  the  coil  of  the 
electro-magnet  E  is  also  connected  to  this  terminal  ^,  its  other  end 
being  put  to  earth  through  the  junction  box  at  t^ :  thus  on  pressing 
down  the  key  £^,  the  circuit  from  the  switching  battery  is  completed 
through  the  two  electro-magnetic  step  by  step  instruments  e  and  E  in 
the  shore  and  sea  instruments  respectively,  and  each  depression  of  this 
key  causes  the  dial  pointer  P  and  contact  piece  a  to  move  on  one  step 
in  unison,  thus  the  position  of  the  pointer  P  at  the  mine  station  indi- 
cates the  position  of  the  contact  piece  a  in  the  sea  instrument. 

2.  The  Testing  Circuit. — One  pole  of  the  testing  battery  T  is  put 
to  earth  E^,  the  other  pole  being  connected  up  to  the  terminal  P,  and 
by  wire  w*  to  the  contact  piece  of  the  key  K :  the  galvanometer  O  is 
connected  to  key  K,  and  by  wire  w  to  the  main  terminal  t :  the  second 
core  of  the  main  cable  connects  this  terminal  t  of  the  shore  instrument 
to  the  terminal  f  of  the  sea  instrument :  a  wire  puts  f  in  electrical 
connection  with  the  contact  piece  a  of  the  sea  step  by  step  instru- 
ment :  the  wires  from  the  six  mines  are  led  through  their  respective 
entrances  in  the  junction  box,  and  connected  up  to  their  respective 
terminals  therein  marked  1,  2 ....  6,  these  wires  being  each  to  earth 
through  their  respective  fuzes  in  the  mines :  these  mine  terminals  are 
connected  to  one  terminal  of  their  respective  disconnector  fuzes,  the 
other  terminal  of  which  is  connected  to  its  proper  spring  contact  c*, 
c^ . . . .  c® ;  the  main  contact  spring  C  is  also  connected  up  to  the  six 

mine  terminals  1,2 6 ;  thus  on  pressing  down  the  testing  key  jK, 

the  current  from  the  testing  battery  T  will  circulate  through  the  gal- 
vanometer, causing  its  needle  to  be  deflected,  and  through  the  whole 
of  the  six  mine  fuzes,  if  the  contact  piece  a  be  in  connection  with  the 
main  contact  spring  C,  or  only  through  the  particular  mine  fuze  with 
whose  contact  spring  c^y<?. . .  .c*,  the  piece  a  may  be  switched  on  to : 
in  the  latter  case  the  corresponding  disconnector  fuze  will  also  be  in 
the  circuit :  thus  each  mine  may  be  tested  separately,  or  all  the  mines 
at  the  same  time :  the  deflections  shown  on  the  galvanometer  affords 
evidence  of  the  condition  of  the  various  mine  circuits. 

The  Firing  Circuit. — One  pole  of  the  firing  battery  Fis  put  to  earth 
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£*,  tlic  other  being  connected  to  the  tenninal  ^ :  a  wire  w*  connects 
ihis  trrminat  to  the  firing  key  K',  and  its  contact  piece  by  wire  w*  to 
ih'-  main  terminal  t :  the  tiring  circuit  from  the  terminnl  t  of  the  shore 
iustnunent  thmiigh  the  sea  instrument  and  the  miuos  is  then  the 
ume  as  in  the  case  of  the  testing  circuit ;  thus  oii  pressing  down  the 
firing  key  F,  either  the  whole  six  mines  are  fired,  or  only  one  of 
ihem,  depending  upon  the  position  of  the  contact  piece  a  in  the  sea 
imtmueul :  in  the  case  of  one  mine  only  being  fired,  its  circuit  ia 
imoiated  by  the  rupture  of  it3  disconnector  fuze. 

The  appartitns  here  described  is  designed  for  use  with  a  set  of  six 
mines  intended  to  be  fired  by  observation,  but  if  it  be  required  for  use 
inctinuection  with  contAct-miucs,  it  wnulJ  he  only  necessary  to  intro- 
duce a  single  shutter  apparatus  (similar  to  that  described  on  page  IOC) 
in  the  firing  circuit  of  the  sliore  instrument. 

Th€  IntentHional  Arc  Instrumenia. — These  instruments  ore  used  in 
{utmrctiun  with  (lie  "  observation  "  method  of  firing  submarine  mines, 
umI  are  required  fur  the  purpose  of  enabling  any  mine  to  be  exploded 
»:  tlic  Eictual  moment  of  a  hostile  vessel  being  directly  over  it,  when 
:i'-mpting  to  paaa  through  o  mine  "  field." 

Two  kinds  of  interseetioual  arcs  are  employed,  known  as  the 
tiring"  arc  and  the  "converging"  arc. 

In  ri.  XXVIII.,  at  Fig.  2,  is  shown  a  plan,  and  at  Fig.  3  a  section 
;'iruugh  .i  ^  of  the  "firing"  arc:  Fig.  4  is  an  enlarged  view  of  one 
<'i  the  front  sights :  uud  Fig.  I  a  plan  of  the  "  conrerging  "  arc. 

The  **  firing  "  arc,  Fig.  2,  consists  of  a  cast-iron  frame  a,  with  three 
f"t,  AS  h.  Fig.  3.  provided  with  levelling  screws  ;  c  is  a  circular  spirit- 
level  :  r  is  a  telescope  fitted  with  one  horizontal  and  three  vertical  cross 
wiiea,  and  mounted  so  as  to  permit  of  its  being  raised  and  lowered 
\>y  means  of  screw  gearing,  and  also  of  lateral  movement  round  the 
lilTight,  to  which  it  is  attached,  as  a  centre:  a  clamping  screw  is 
iri'Vided  to  fix  the  telescope  in  any  desired  position;  s,  «'  are  sights 
■■M  OD  to  the  telescojte  in  a  vertical  plane  passing  through  its  axis : 
t>a  bnsa  tube  extending  from  the  telescope  upright,  to  which  it  ia 
'  jidly  attached,  to  the  iuside  of  the  outer  rim  of  the  instrument, 

i  i.  Fig.  3,  is  a  brass  spring  projection  fixed  to  uud  insulated  from 

.'   tabu  C :  this  oqter  rim  of  the  firing  arc  is  provided  with  sights, 

-S'. .  .S^,  oonespondiiig  to  the  number  of  the  mines  controlled  by  it. 

.  :iL-  fi>rm  of  the  sight  ia  shown  in  Fig.  'A,  where  I  is  the  contact  piece  : 


112  The  Mode  of  using  the  *<  Observation**  Instnlments.     [Chap.  V. 

/,  the  binding  screw :  and  h  a  thin  wire  for  giving  the  alignment 
of  the  mine. 

The  Converging  Are, — The  "converging"  arc,  shown  at  Fig.  1,  is 
precisely  similar  in  construction  to  the  firing  arc,  with  the  exception 
of  there  being  no  brass  tube  in  connection  with  the  telescope,  and  only 
one  sight. 

The  Manipulation  of  the  Interseetional  Are  Instrument  used  alone. — 
A  simple  mode  of  using  these  instruments  in  connection  with  mines 
intended  for  observation  firing  only  is  shown  in  PL  XXIX.,  where  F 
is  a  "  firing  "  arc,  H  the  firing  battery,  and  K  a  firing  key,  placed  at 
the  mine  station  B:  (7  is  a  "  converging  '*  arc,  and  E}  a  firing  key 
placed  at  the  station  F:  w'  is  the  electric  wire  connecting  these  two 

arcs  together:  1,  2 7,  submarine  mines:  w  the  multiple  cable 

between  the  firing  arc  and  the  mines  \  and  J  the  junction  box. 

The  circuit  is  as  follows :  one  pole  of  the  'firing  battery,  R  is  joined 
to  the  wire  w\  connecting  the  two  station^,  the  other  pole  to  the 
key  K\  the  other  end  of  the  wire  w\  at  station  F,  is  attached  to 
the  contact  piece  of  the  key  E}y  the  other  part  being  put  to  earth :  the 
seven  mines  are  connected  by  the  shore  ends  of  the  multiple  cable  w 
to  the  seven  sights  respectively  of  the  firing  arc  Fi  the  sliding  bar  is 
connected  by  means  of  an  insulated  wire  passing  through  the  tube 
to  the  key  K.  Thus  with  the  mine  fuzes  to  earth,  the  firing  battery 
circuit  is  completed,  when  the  sliding  bar  is  resting  in  contact  with 
either  of  the  contacts  t^. . , t\  &c.,  both  of  the  keys  K  and  K^  being 
pressed  down  at  the  same  time ;  this  can  only  happen  when  a  vessel 
attempting  to  pass  the  mines  1  •  •  • .  7  is  on  the  line  of  the  mines,  and 
exactly  over  one  of  them  at  the  same  time ;  the  former  position  would 
be  known  to  the  operator  at  station  F  by  means  of  the  telescope  of 
the  converging  arc  C,  who  would  press  his  key  K^  down,  and  the 
latter  position  to  the  operator  at  station  B  by  means  of  the  telescope 
of  the  firing  arc  F,  who  would  also  press  his  key  K  down. 

In  Combination  with  tJis  Service  Shutter  Apparatus.  First  Method. — 
One  method  of  using  the  telescopic  intersectional  arc  instruments  in 
connection  with  the  Siemens  or  service  shutter  apparatus,  when  the 
firing  and  converging  arcs  are  in  electrical  circuit  with  one  another,  is 
shown  in  PI.  XXX.  S  is  the  shutter  instrument,  and  F  the  firing 
arc  placed  at  the  station  jB  :  C  the  converging  arc  at  the  station  F: 
1,  2. ..  .7  the  mines  connected  up  to  the  main  cable  w  in  the  junction 
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J,  th«  other  ends  of  the  seveD  cores  of  this  moltiple  cable  being 

to  the  tenuinals  M,  iP,  &c.,  on  the  top  of  the  shutter  apparatus : 

lb<-  wTon  t«miinal!i  ('....('  of  the  firing  arc  F  are  led  to  the  seven 

tfTminals  .V. ...  J?"'  respectively  of  the  Bhutter  apparatus:  one  pole 

of  the  key  K  is  connected  to  the  movable  contact  bar  of  the  firing 

«ir  F.  jind  the  other  pole  of  this  key  to  one  end  uf  the  cable  w' :  the 

uthfT  «*nd  of  this  cable  is  attached  to  one  pole  of  the  key  K^  at 

station  V.  the  other  pole  of  this  key  being  put  to  earth.     From  this 

dinir-ription  of  the  connections  and  leads  it  will  be  scon  that  if  a  plug 

Ir  inwrted  between  P  and  Q,  the  signalling  battery  G  current  will 

flow  through  all  the  mines  by  the  cable  u;  but  not  through  the  firing 

»n"  *o  long  as  both,  or  either  of  the  keys  K,  E^   be  open,  i.e.  not 

i-r>-«wd  down;  if  however  the  sliding  bar  of  the  firing  arc  be  moved 

n  to  cither  of  the  contacts  i'  .  .  .  (',  for  instance  to  /■*,  and  bi.ilh  K 

-u'l  JT'  be  pressed  down   at   the  same  time,  the  current  from  the 

-rnalliiig  battery   passing   through   the   shutter    apparatus  of  that 

<«rticuUr  mine  will  become  strong  enough,  by  reason  of  the  circuit 

<<«eT  nMistance  being  cut  out,  to  attract  its  armature,  ciLUsing  its 

-butter  to  fall  and  bell  to  ring,  and  if  the  firing  battery  plug  has 

'.'•a  previously  inserted  at  Y,  the  mine  No.  4  will  be  exploded  :  or  if 

ikis  firing  battery  plug  bo  not  inserted  on  the  shutter  falling,  the 

•fffnAoT  haa   then  the  option  of  tiring  the  mine  by  inserting  it  or 

'jf  Inving  it  nnoxploded. 

By  this  method  of  connecting  up  the  two  arcs,  it  is  necessary  for 
both  the  keys  A"  and  A''  to  be  pressed  down,  and  the  sliding  bar  of  the 
fring  arc  to  bo  in  contact  with  one  or  other  of  the  contacts  (',..(' 
it  the  same  moment  to  explode  the  mine  in  connection  therewith.  To 
rfert  the  explosion  of  either  of  the  mines  at  any  desired  moment, 
*hai  a  ship  nmy  not  be  ou  the  line  of  mines,  it  would  be  first  neccs- 
*tr  \o  Mffoal  the  observer  at  Tto  close  bis  key;  the  connecting  up 
'■(  tbe«e  ores  may  however  be  arranged  so  as  to  permit  of  the  firing  of 
•itiwr  of  the  mines  on  the  closing  of  the  key  K  only. 

Sfmmd  MH}iod. — This  method  is  shown  in  PI,  XXXI.,  where  the 
'^ATtiging  arc  key  A'  is  in  simple  circuit  with  an  electric  bell  B. 
chr  ringing  of  which  indicates  to  the  observer  at  R  the  fact  of  a  ship 
knt^  oD  the  Une  of  the  mines:  the  key  A'  of  the  firing  arc  F  is  in 
Um  ok  pat  direct  to  earth,  and  therefore  either  of  the  mines  may 
^  'Exploded,  or  only  its  shutter  dropped  by  the  observer  at  B  pressing 
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down  his  key,  and  without  the  intervention  of  the  observer  at  the 
distant  station  F, 

In  the  event  of  more  than  one  line  of  mines  being  laid  down,  and 
therefore  more  than  one  converging  arc  used,  a  special  arrangement  for 
denoting  on  which  particular  line  of  mines  a  ship  might  be  would 
have  to  be  devised,  as  for  instance  a  different  sounding  bell  for  each 
line,  or  one  ring  of  a  bell  for  No.  1  line,  two  rings  for  No.  2,  and  so  on, 
or  a  rheotome  or  step  by  step  recording  instrument. 

Method  of  miyig  Two  Firing  Arcs. — It  may  not  be  desirable  to  place 
a  distant  observing  station  on  the  line  of  the  mines,  but  instead  to 
place  the  second  observing  station  on  the  opposite  bank  of  the  river  as 
at  Vy  in  PL  XXXII.,  in  which  case  it  will  be  necessary  to  use  a 
second  firing  arc  instrument  at  F,  and  a  series  of  keys,  i.e.  one  key  for 
each  mine  at  the  station  iJ,  and  to  connect  these  two  arcs  F,  F^  by 
means  of  a  multiple  cable  w\  The  seven  cores  of  the  cable  w^  are 
connected  at  the  station  V  to  the  respective  contacts  t ,  .  .  .  t\  and 
at  station  B  to  one  pole  respectively  of  each  key  K,  the  other  poles 
of  which  are  all  connected  up  to  the  firing  arc  F  by  the  single  wire  w*. 
Then  if  a  ship  be  on  alignment  with  No.  4  mine  at  F,  the  observer 
there  presses  down  his  key  lOy  and  if  at  the  same  instant  she  is  on 
alignment  with  No.  4  mine  at  2J,  the  observer  there  presses  down 
key  4,  and  explodes  that  mine  with  the  ship  directly  over  it. 

The  Sieimtis  Distame  Measurer. — The  Siemens  Distance  Measurer  is 
another  method  of  ascertaining  at  any  moment  the  relative  position  of 
a  ship  attempting  to  pass  over  a  mine  field,  and  any  of  the  mines 
therein,  and  is  in  some  respects  an  improvement  on  the  telescopic  arc 
arrangements  before  described,  as  will  be  seen  from  the  following 
description  of  the  various  forms  of  this  apparatus. 

The  principle  on  which  this  Siemens  Distance  Measurer  is  con- 
structed is  shown  in  PI.  XXXIII.  at  Figs.  1,  2,  and  4. 

Let  0  (fig.  1)  represent  the  position  of  an  object,  for  instance  the 
mainmast  of  a  vessel,  which  can  be  observed  from  two  points  B  *,  B\ 
by  means  of  the  telescopes  T^  T  ^,  each  capable  of  being  turned  round 
a  vertical  axis  at  the  points  B^,  B^.  An  indicator  fig.  3,  carrying  two 
jwinters  p,  p^,  each  movable  round  a  vertical  axis  at  6S  b\  is  fixed 
at  any  suitable  place.  In  the  normal  position,  the  optical  axis  of  each 
telescope  T^  T^  is  at  a  right  angle  to  the  base  line  B^  B^,  which  may  be 
tonnod  tho  "  largo  "  base  line,  h^  b-  being  called  the  "  small "  base  line. 
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When  eithei  of  the  teleacopea  is  directed  towards  the  object,  the 
eorresponding  pointer^,  ur  p^  is,  by  means  of  electrical  transniission 
of  power,  jnoveil  through  the  same  angle.  The  point  of  intersection  o 
<rf  the  two  pointers  p,  ^',  form  then  with  the  points  i',  i*  a  triangle 
ol^  ^,  umiiar  to  the  large  triangle  0  B'  B',  and  the  length  of  each 
boM  line  B  and  I  being  known,  the  distance  of  the  object  0  can  be 
eajpnlated.  For  instance,  It-t  B  be  the  length  of  the  "observing" 
or  "  large"  base  line  B^  B^,  and  h  of  the  "indicator"  or  "small"  base 

line  &•  h\  then  the  distance  X  between  B^  and  the  object  o,  is  -X  =     w, 

wbere  x  is  length  &*  o  on  the  indicator. 

If  tbo  position  of  each  telescope  is  a  permanent  one,  the  pointers 
p,  p*  can  bo  snitably  graduated,  and  the  distance  read  off  direct  at 
their  point  of  intersection. 

If  a  map  of  the  mine  field  to  l>e  obserred  is  prepared  to  a  scale 

■  iving  the  ratio  J:  5,  so  that  i',  fc'  represent  on  the  map  the  actual 
;-  inls  B',  S*  of  the  observing  telescopes  T",  T",  then  the  intersection 
ul  the  pointers  p,  p*  gives  at  once  on  this  map  the  exact  position  of 
tite  shipL 

Aa  the  motion  of  the  telescopes  when  following  a  moving  ship  is 
buumitt^d  electrically  to  the  pointers  of  the  indicator,  they  (tbo 
pointers)  always  remain  parallel  with  the  telescopes  whatever  the 
position  of  the  latter  may  be.  consequently  the  varying  points  of  inter- 
mctitm  of  these  pointers  describes  on  the  map  the  route  of  the  ship, 

TliP  indicator  can  be  fixed  in  any  desired  position. 

PL  XXXIIL,  Fig.  3,  shows  in  plan  the  distance  measurer  arranged 
•  ith  two  separate  observing  stations. 

In  PI.  XXXIV.,  Fig.  2,  a  different  arrangement  of  the  apparatus 
if  represented.     The  indicator  is  here  transferred  to  B'',  so  that  the 

■  •■utr»"  "f  motion  of  the  telescope  V,  and  pointer  2'^  is  identical, 
•.r>-  abort  baso  line  i'  t'  forming  part  of  tlie  largo  one  li\  iP,     The 

'.nciplt?  of  tbo  apparatus,  however,  remains  the  same,  tho  only 
Tt?rencf?  being  that  one  of  the  separate  observing  stations  and  it;i 
■  trical  fvim  muni  cation  with  the  indicator  tiro  dispensed  with.  This 
r»ngelD•^nt  is  adopted  when  it  is  fonnd  that  one  of  the  observing 
'  aH¥aB  is  likewise  a  suitable  jwsitiou  for  placing  the  indicator  at, 
it  itninaterial  whether  the  indicator  is  placed  to  the  right  or  left 
the  buc  line. 

!   2 
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The  telescopes  are  direct^  to  the  object  (moved  to  the  right  or 
left)  by  turning  a  handle,  which  sets  in  motion  toothed  gearing  in 
connection  with  an  endless  screw  and  toothed  segment  to  which  the 
telescope  is  fixed.  The  same  motion  of  the  handle  causes  the 
armature  of  a  magneto-electric  inductor  to  revolve,  thereby  sending 
a  succession  of  alternate  currents  either  into  line  I.  or  II.,  Fig.  3. 
A  special  contact  arrangement  fixed  on  the  spindle  of  the  armature 
makes  connection  with  line  I.  or  II.  according  to  the  direction  in 
which  the  handle  is  turned.  Each  line  is  connected  at  the  indicator 
with  an  electro-magnet,  the  polarized  tongue  of  which  has  fixed  to  it 
an  escapement  that  actuates  a  ratchet  wheel.  The  escapements  and 
ratchet  wheels  (one  set  to  each  electro-magnet)  act  on  an  endless 
screw  and  toothed  segment  carrying  a  pointer  by  means  of  planet 
gear  so  arranged  that  the  pointer  moves  to  the  right  or  left,  according 
as  one  or  other  of  the  electro-magnets  has  been  actuated  by  the 
currents  from  the  observing  station,  these  currents  being  directed  into 
lines  I.  or  II.,  as  before  mentioned,  when  the  handle  of  the  indicator  is 
turned  either  forwards  or  backwards.  In  the  apparatus  arranged  with 
two  observing  stations,  PI.  XXXIII.,  Fig.  3,  it  is  seen  that  each 
pointer  is  acted  upon  by  a  separate  inductor,  the  movement  of  the 
pointer  to  the  right  or  left  being  accordant  with  that  of  the  telescope, 
and  eflFected  in  the  manner  previously  described. 
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CHAPTER  VI. 
Testing. 

].  Neceatity  for  Careful  Testing— 2.  Nature  of  Tests— A,  Mechanical  Testing— 3.  Mine 
Cases  —  4.  Junction  and  Connecting  Boxes  —  5.  Mooring  Chains  —  C.  Anchors  — 
7.  Circuit-closers — 8.  Mechanical  Joints  and  Disconnectors  —  9.  Electrical  CaUes  — 
10.  The  Firing  Apparatus  of  Mechanical  Self-acting  Mines — 11.  Shutter  Apparatus — 
B,  Electrical  Testing  —  12.  The  Test  Table  —  13.  Sea-cell  Testing  — 14.  Station  Test 
Table- 15.  Electrical  Cables  for  Insulation  Resistance — IG.  For  Copper  Resistance — 
17.  Fur  Continuity— 18.  Testing  Electrical  Joints  for  Insulation  Resistance— 19.  For 
<  Continuity —20.  Testing  Earth  Circuits  for  ResisUnce— 21.  Testing  Fuses— 22.  For 
Efficiency — 221  Testing  Disconnector  Fuses  for  Resistance  and  Efficiency — 24.  Testing 
Batteries  for  E.  M.  F.— 25.  For  Internal  Resistance— 2(>.  Testing  Firing  Batteries  for 
I'ower — 27.  Testing  the  Directive  Instruments  —  28.  Testing  the  whole  System  — 
29.  Accidents  in  Mine  Circuits. 

\TECE8SITY for  Careful  Testing. — Testing  is  a  most  imjK)rtant 
branch  of  the  work  connected  with  the  operation  of  submarine 
mining,  as  the  greater  {>ortion  of  the  material  constituting  a  system  of 
submarine  mines  has  to  be  submerged  at  a  more  or  less  considerable 
depth  b€»low  the  surface  of  thti  water  for  long  periods  of  time,  when  it 
is  .subjec*ted  to  a  pressure  of  an  intensity  proportionate  to  the  depth, 
and  which  is  sun*  stMjiier  or  later  to  find  out  any  weak  j>oints  in  the 
system.  Further,  all  buoyant  mines  are  subject  to  constant  movement, 
due  to  tlu»  action  of  the  sea  in  bad  weather,  and  currents,  tides,  &c., 
causing  considerable  wear  and  tear  to  the  mcwring  chains,  and  to  the 
idt'ctrical  cables  betwet*n  the  shore  and  the  junction  box,  and  between 
tli<*  mine  and  the  junction  box. 

It  is  thus  absolutely  necessary  that  every  detail  in  connection  with 
a  submarine  mine  be  submitted  to  the  most  careful  and  searching 
tests,  according  to  its  liability  to  be  affected  by  continued  submersion. 

Nature  of  Tests. — The  tests  which  must  be  applied  to  a  system  of 
rabmarine  mines  are  of  two  kinds,  viz.  A,  Mechanical,  B,  Electrical, 
and  the  object  of  instituting  them  is  to  secure  as  far  as  is  practicable 
absolute  certainty  of  action  of  any  one  mine  at  any  desired  moment^ 
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no  matter  how  long  a  period  of  time,  or  at  how  great  a  depth  it  may 
liave  been  submerged. 

Each  kind  of  mine  has  its  own  special  set  of  tests  apart  from  those 
which  are  either  common  to  all,  or  any  particular  class  of  submarine 
mines ;  thus,  for  instance,  the  test  for  mine  cases  and  moorings  differ 
only  in  degree  for  all  classes  and  types  of  mines,  whether  self-acting, 
controlled,  buoyant  or  ground ;  while  the  tests  for  fuzes  are  similar, 
whether  for  self-acting  or  controlled  mines. 

A. — Mechanical  Testing. 

Mechanical  Testing. — The  mechanical  testing  of  a  system  of  sub- 
marine mines  includes  the  following  operations : — 

1.  Testing  mine  cases  for  strength. 

2.  „  „  „   water-tightness. 

3.  „  junction  and  connecting  boxes  for  strength. 

4.  „  mooring  chains  and  wire  ropes  for  strength. 

5.  „  anchors  oi:  sinkers  for  holding  power. 

6.  „  circuit-closers  for  water-tightness. 

7.  „  mechanical  joints  for  water-tightness. 

8.  „  electric  cables  for  tensile  strength. 

9.  „  the  firing  apparatus  of  mechanical  self-acting  mines. 
10.  „         „   shutter  apparatus. 

Mine  Cases. — The  mine  case  requires  to  be  tested  as  to  its  capa- 
bility to  resist  leakage,  and  to  withstand  external  pressure  consequent 
on  the  depth  below  the  surface  at  which  it  is  intended  to  moor  it; 
and  to  secure  the  necessary  margin  of  safety  the  mine  case  should  be 
submitted  to  a  greater  pressure  during  these  tests  than  it  would  be 
subjected  to  on  actual  service. 

The  water-tightness  of  the  mine  case  can  best  be  ascertained  by 
submitting  it  to  an  internal  water  pressure  by  means  of  a  forcing  pump 
and  pressure  gauge,  as  by  this  method  the  position  of  any  leak  can 
be  at  once  discovered,  and  if  possible  stopped  afterwards,  when  the 
test  would  have  to  be  repeated ;  if  this  test  be  made  by  mooring  the 
mine  case  at  the  required  depth,  it  would  be  difficult  to  discover  the 
position  of  a  leak  should  one  occur. 

In  making  this  test  the  mine  case  should  have  its  electric  cable 
fitted  so  that  any  leakage  at  the  gland  may  be  discovered  and  corrected. 
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The  strength  of  the  mine  case  to  resist  external  pressure  can  only 
ke  tested  by  mooring  it  at  the  required  depth  below  the  surface  of  the 
irater. 

Junction  and  Connecting  Boxes. — Junction  and  connecting  boxes 
vroold  be  tested  for  strength  to  resist  compression  in  the  same  manner 

fts  described  for  the  mine  cases. 

« 

flooring  Chains  and  Wire  Ropes. — The  chains  or  wire  ropes  to  be  used 
for  mooring  the  mines  would  have  to  be  tested  for  tensile  strength, 
^TiiX  this  test  would  be  carried  out  at  the  place  of  manufacture  under 
official  supervision. 

Anchors  or  Sinkers, — The  only  practicable  method  of  testing  the 

oiency  of  mine  anchors  or  sinkers  is  to  moor  a  buoyant  mine  to  an 

or,  which  is  theoretically  considered  correct  as  to  form  and  weight 

^^  %hat  size  of  mine,  choosing  a  position  that  will  expose  the  mine, 

moored,  to  strong  tides  and  rough  water.     This  test  will  also 

the  efficacy  of  the  mooring  chains  as  well  as  the  anchor  for 

ntaining  the  mine  in  position.     To  make  this  test  a  thorough  one, 

*^^    mine  should  have  a  considerably  greater  reserve  buoyancy  than 

ould  be  provided  with  on  actual  service. 

Circuit'dosers. — It  is  most  essential  that  the  circuit-closer  cover 

■^^^nld  be  water-tight,  where  it  screws  on  to  the  base  of  the  circuit- 

^*^Oser,  and  at  the  gland  where  the  cable  enters,  and  therefore  it  should 

^*^    tested  for  water-tightness  by  buoying  it  at  the  required  distance 

ow  the  surface  of  the   water,   liuving  previously   fitted   it   with 

cable. 

Meclvanical  Joints  and  Discontiectors. — Mechanical  joints  and  discon- 

^^tors  must  also  be  tested  for  water-tightness,  and  this  operation  may 

^  carried  out  when  testing  the  junction  boxes  for  strength,  by  fitting 

Uie  joints  and  disconnectors  up  as  for  service,  and  placing  them  in 

their  respective  junction  boxes. 

Great  care  must  be  exercised  in  making  these  joints  al)solutely 
impervious  to  water  leakage  in  actual  work,  as  a  leak  at  these  points 
may  very  seriously  affect  the  efficiency  of  the  mine  circuit  it  is  on. 

Eketrieal  CahUs. — Electrical  cables  require  to  be  tested  (mechani- 
cally) for  tensile  strength,  which  test  would  \m}  carried  out  in  the 
ordinary  manner  at  the  place  of  manufacture. 

The  Firing  Apparatus  of  Mechanical  Sd/^acting  Mines. — The  only 
•atiflfisK^tory  manner  by  which  to  prove  the  efficiency  of  the  firing 
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apparatus  of  a  mechanical  self-acting  miae,  whether  it  be  provided 
with  chemical  or  percussion  fuzes  fired  by  direct  contact  or  by  the 
interposition  of  a  falling  weight,  is  to  fit  the  mine  up  complete  for 
service  with  the  exception  of  the  explosive  charge,  moor  it  in  a 
suitable  position,  and  then  cause  it  to  be  subjected  to  every  kind  of 
collision  with  a  vessel  that  might  occur  on  actual  service — ^as,  for 
instance,  causing  the  mine  to  be  struck  by  a  vessel  proceeding  at 
various  rates  of  speed,  and  also  by  merely  allowing  the  vessel  to  drift 
against  the  mine.  On  the  completion  of  each  test  the  mine  should  be 
lifted,  and  the  state  of  the  firing  apparatus  carefully  examined. 

In  the  case  of  a  self-acting  mine  on  the  "  Singer "  principle  of  a 
falling  weight,  the  strength  of  the  safety  pin  to  support  the  accidental 
falling  of  the  weight  should  be  proved;  also  the  capability  of  the 
weight  to  remain  in  its  seating  with  the  mine  in  a  position  where  it  is 
subjected  to  a  considerable  motion  of  the  water — in  fact  that  nothing 
short  of  a  blow  or  push  from  a  colliding  vessel,  when  the  mine  is  once 
moored,  can  cause  the  weight  to  fall  out  of  its  seating. 

ShvUer  Apparatus, — The  shutter  apparatus  must  be  submitted  to  a 
mechanical  test  to  prove  the  capability  of  its  armature  to  prevent  the 
shutter  from  falling  by  the  concussion  of  a  heavy  gun  fired  in  near 
proximity  to  it,  in  the  event  of  a  mine  station  being  located  in  a  fort. 

B. — Electrical  Testing. 

The  electrical  testing  of  a  system  of  submarine  mines  is  a  very 
important  work,  and  the  eflBciency  of  the  mine  defence  in  a  time  of 
need  will  depend  in  a  great  measure  on  the  amount  of  care  exercised 
in  making  these  tests,  and  the  thoroughness  with  which  they  are  carried 
out ;  and  more  especially  is  this  the  case  with  electrical  self-acting 
mines,  as  when  once  placed  in  position  any  fault  in  their  system 
cannot  be  ascertained;  while,  though  in  the  case  of  a  system  of 
cxmtrolled  mines  a  weak  spot  in  the  circuit  of  any  one  mine  can  be 
discovered,  yet  to  remedy  the  defect  is  a  somewhat  laborious  operation, 
and  besides  occupies  a  considerable  time  which  may  not  be  available 
when  required. 

Electrical  testing  consists  of  the  following  operations : — 

1.  Testing  electrical  cables  for  insulation  resistance. 

2.  „  „  „        copper  resistance. 
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3,  T«ett9g  electxic&l  cables  for  continuity, 
joints  for  insulation  resistance. 

„         continuity, 
eiirth  circuits  for  resistance, 
fuzes  for  resistance. 

„        efficiont-y. 
disconnector  fuzes  for  resistance. 


Tkt  Tett  Table. 


batteries  for  E.  M.  F. 

.,  internal  resistance, 
firing  batteries  fur  power, 
directive  instruments. 
whole  system. 
«. — A  test  table  is  merely  a  combination  of  tbe  various 
I  required  for  the  making  of  the  different  tests,  on  one 
t  the  purpose  of  facilitating  the  operations. 
f  only  a  rough  indication  of  tbe  condition  of  the  electrical 
I  is  required  in  submarine  mining  on  actual  service,  such  as 
wQl  guarantee  its  efficient  working  at  the  proper  moment,  tbe  very 
dtnptMt  testa  will  suffice  at  the  mine  stations;  the  more  elaborate 
tatd  delicate  tests  will  have  to  be  instituted  at  the  submarine  depot 
(mm  which  all  the  material  is  sent  out  in  perfect  condition  to  the 
Tuiuos  stations. 

If  at  any  time  a  fault  be  discovered  by  the  operator  at  a  mine 
BUtion  in  any  mine  circuit  sufBciently  serious  to  operate  against  its 
action — such,  for  instance,  as  a  short  circuit,  or  a  break  in  tbe  circuit, 
either  of  which  would  prevent  the  mine  being  exploded,  and  which 
ai|^t  occur  either  in  the  core  of  the  main  (yible,  or  in  tbe  junction 
lux.  Of  in  the  mine  cable,  or  in  the  circuit-closer,  or  in  tbe  fnzo^it 
•<val(]  then  no  doubt  bo  most  interesting  to  be  able  to  localise  the 
{XMitioit,  and  discover  the  nature  of  tbe  fault ;  but  for  all  practical 
parpoflos  in  time  of  war  tbe  mine  on  the  faulty  circuit  would  have  to 
be  cut  out  of  tbo  system  until  such  time  as  an  opportunity  occurred 
tor  replacing  it. 

In  PL  XXXV.,  Fig.  1,  is  shown  the  plan  of  a  test  table  as  con- 
stmcted  by  Mcsen.  (Siemens  Bros.,  and  which  has  hitherto  boon 
gosetally  used  in  conuwtiou  with  u  system  of  submarine  mines. 
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A  is  the  table  or  board  on  which  the  following  instroments  and 

terminals  are  fixed : —  ^ 

B  Wheatstone  bridge  and  resistance  box. 
C  Thermal  galvanometer  and  100-ohm  resistance  box. 
D  Three-coil  galvanometer. 
E  Battery  commutator. 
G  Astatic  galvanometer. 
H  Safety  firing  key. 
/  Firing-battery  terminals. 
K,  Ly  M  Terminals  for  wandering  leads. 

Terminals,  1. — Zinc  earth  for  signalling  battery. 
2. — Copper  earth. 
3. — Carbon      „ 


99 

99 

„  4. — Zinc  „ 

99 


5.  „  „     for  depolarising  battery. 

6.  ,,  „      y,    test  battery. 
7. — Copper      „      „    firing  battery. 

Batteries:— /firing  battery. 
t  testing  battery. 
s  signalling  battery. 
d  depolarising  battery. 
S  Commutator  of  shutter  apparatus. 

As  will  be  seen  from  the  figure,  this  is  an  exceedingly  complicated 
form  of  test  table,  due  principally  to  the  employment  of  the  "  sea-cell" 
test  method  for  ascertaining  the  condition  of  the  mine  circuit.  The 
arrangement  of  the  connections  as  shown  in  Fig.  1  is  not  an  arbitrary 
one,  but  may  be  varied  to  suit  the  operator. 

SeorceU  Testing. — In  PI.  XXXV.,  Fig.  2,  is  show^  a  diagrammatic 
plan  of  the  *'  sea-cell "  method  of  testing  in  connection  with  a  buoyant 
mine  with  separate  circuit-closer  case. 

w  is  the  main  cable  leading  from  galvanometer  O  to  the  mine  My 
through  its  fuze  /  to  copper  earth  g  ;  w'  is  the  cable  branching  from 
main  cable  to  the  circuit-closer  case  C  through  its  1000  ohms  resistance 
to  zinc  earth  h;  eis  zinc  earth  plate  inside  the  mine,  between  the  fuze 
and  the  galvanometer ;  a,  b,  d,  are  zinc,  copper,  and  carbon  earth  plates 
connected  up  to  galvanometer  0,  a  key  being  provided  for  each  one, 
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■o  that  the  einsuit  of  eHhei  of  these  home  earths  with  the  galvano- 
meter  wuy  be  closed  at  will. 

The  &nc  plate  e  in  the  mine  is  only  put  to  cartli  on  water  tiuding 
moceaa  to  the  mine 

With  the  system  in  good  condition  a  set  of  deflections  are 
obtained  with  the  galvanometer  G  by  the  sca-cell  set  up  between  the 
difffT«Dt  "  home "  and  "  out "  earths,  which  are  carefully  recorded : 
then  on  any  accident  occurring  to  the  system  a  different  set  of 
dffloirtitms  will  be  obtained,  the  nature  of  the  difference  indicating 
the  natnTe  of  the  accident. 

For  instance,  with  the  system  in  good  order,  on  closing  of  key  b,  a 
sm-cell  will  be  found  between  the  circuit-closer  case  zinc  earth  A, 
tbniugh  the  1000  ohms  resistance,  and  the  copper  earth  b  at  home, 
which  will  be  represented  by  a  certain  deflection  on  the  galvanometer  G ; 
i-ut  suppose  the  mine  zinc  plate  e  to  be  put  to  earth  by  the  mine  case 
ikiug,  then  the  sea^cell  will  be  formed  between  b  at  homo  and  e  in 
:ii.-  mine,  us  well  as  between  b  and  h,  but  the  resistance  of  the  former 
J-  iug  less  than  the  latter  by  some  1000  ohms  a  difl'erent  deflection 

■  ill  be  given  on  the  galvanometer  to  what  was  originally  obtained 
■nfficieat  to  indicate  the  access  of  water  to  the  mine. 

TIm  nature  of  this  method  of  testing  is  however  too  delicate,  and 
IDD  likely  to  be  interfered  with  by  earth  currents,  and  by  extraneous 
moMt,  ntch  as  the  sheathing  of  the  multiple  cable  becoming  au  extra 
r«rth,  &c.,  that  it  cannot  be  implicitly  relied  upon,  or  at  least  not 
nfficiently  bo  to  make  up  for  its  complexity. 

Slalitm  Teet  Table.— Ihe  station  teat  table,  a  plan  of  which  is 
-.iiiwn  in  PL  XXXVl.,  Fig.  1,  is  a  slight  modification  of  the  portable 

■  5t  tiible  rlesigned  by  the  Toqwdo  Department  of  the  Telegraph  Works 
'    'rupany    at    Bilvertonii;    it    difi'ers    from    the    service   test    table 

;.-viu«u]y  described,  in  the  elimination  of  all  the  terminals,  1  to  8 
>i.<'Jiuive,  the  three-coil  gidvauometer  D,  the  battery  commutator  E, 
filing  key  if,  and  terminals  I;  while  it  differs  from  the  Silvertown 
BurtalJi!  I«at  table  in  the  form  of  the  Wheatstone's  bridge,  and 
the  smngement  of  a  single  "  double  contact "  key  instead  of  two 
■M)»nt«  keys.  This  test  table  is  intended  for  mine  station  testing, 
hence  its  name. 

Tb«  iiutniinents  consist  of  a  P.  0.  Wheatstone's  bridge  nith  n^- 
«ooila£uid  double  contact  key  i^,-  a  thermal  galvanometer  with 
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resistance  coils  C;  a  sensitive  horizontal  astatic  galvanometer  G  ;  and 
two  terminal  plates  D,  jB,  provided  with  two  wandering  plug  leads 
Jy  K.  The  whole  of  these  instruments  are  mounted  on  a  polished  teak 
board  A,  contained  in  a  polished  teak  box. 

The  Wheatstone  bridge  B  is  fitted  with  ratio  coils  of  10,  100,  and 
1000  ohms,  enabling  the  ratio  to  be  adjusted  to  10  to  100,  or  10  to 
1000,  or  100  to  10,  or  1000  to  10,  as  required.  The  resistance  box  of 
the  bridge  B  is  fitted  with  coils  of  from  1  to  4000  ohms,  the  total 
amount  of  resistance  being  11,110  ohms,  allowing  with  a  proper  ratio 
the  measurement  of  resistances  ranging  between  the  extreme  limits  of 
0-01  ohm  and  1,111,000  ohms. 

The  firing  battery  resistance  coils  G  are  graduated  from  ^^  ohm  to 
100  ohms,  ascending  by  the  fraction  of  j^^j  ohm. 

The  astatic  galvanometer  G  has  a  resistance  of  1000  ohms. 
Electrical  Gables  for  Insvlaiion  Resistance. — ^The  electrical  cables  pro- 
vided for  a  system  of  submarine  mine  defence  are  delivered  to  the 
various  mine  stations  in  good  condition,  and  a  record  of  the  tests  made 
with  them  at  the  depot  both  for  insulation  and  copper  resistance,  per 
knot,  mile,  or  other  length,  will  accompany  each  drum,  so  that  it  will 
rarely  be  necessary  for  the  operator  at  the  station  to  test  them,  except 
for  insulation  and  continuity.  But  it  may  be  that  under  special  circum- 
stances mines  will  have  to  be  laid  down  with  cables  whose  electrical 
condition  is  unknown,  in  which  case  the  operator  by  means  of  the 
station  test  table  will  be  in  a  position  to  measure  the  insulation  and  tho 
copper  resistance  of  the  unknown  cable  he  will  have  to  work  with. 

For  testing  the  insulation  resistance  of  a  cable  the  following  con- 
nections are  made,  as  shown  in  PI.  XXXVI.,  Fig.  2 :  the  drum  of 
the  cable  is  either  lowered  into  the  water  from  a  crane,  or  placed  in  a 
tank  A,  keeping  both  ends  out  and  quite  dry  :  one  end  of  the  cable  is 
then  connected  to  terminal  c  of  the  bridge ;  the  pole  of  the  battery  is 
then  put  to  earth. 

The  insulation  resistance  of  a  knot  of  cable  in  perfect  condition  is 
as  high  as  1000  meg-ohms,  and  as  the  capacity  of  the  bridge  B  is  only 
about  1  meg-ohm,  it  is  therefore  only  possible  to  obtain  an  approximate 
measurement  of  the  internal  resistance  of  such  a  cable  by  this  means. 
In  actual  practice  a  cable  having  anything  over  an  insulation  resistance 
of  1000  ohms  will  be  sufficient  for  proper  working,  though  the  higher 
this  measurement  is  the  more  efficient  is  the  cable  for  submarine  work. 
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Then  to  make  the  test  unplug  all  the  resistances  in  a  c,  equal  to  1110 
ohms,  and  the  10-ohm  resistance  in  a  h,  and  also  unplug  all  the  re- 
sistances in  e  ({,  1  to  5000  ohms  inclusive,  equal  to  10,000  ohms;  then 
press  key  1  into  contact  with  key  2,  by  which  the  battery  current  is  sent 
through  the  four  arms  of  the  bridge ;  and  by  still  further  pressing  the 
key  down  contact  is  made  with  key  3,  completing  the  galvanometer 
circuit;  note  the  direction  of  the  deflection  of  the  galvanometer 
nee<lle,  whether  to  the  right  or  to  the  left,  if  there  be  any.  If  no 
deflection  of  the  needle  occurs  on  pressing  down  the  keys,  then  the 
resistances  unplugged  is  a  measure,  in  the  proportion  of  10  to  1110,  or 
1  to  1 1 1  of  the  insulation  resistance  of  the  cable  being  tested,  giving 
the  actual  resistance  of  10,000  x  111  or  1,110,000  ohms.  If  the 
galvanometer  needle  be,  however,  deflected  to  the  left  for  instance, 
depending  upon  how  the  connections  are  made,  it  will  show  that  the 
ai*tual  insulation  resistance  of  the  cable  under  test  is  higher  than  the 
bridge  is  capable  of  measuring :  if  on  the  other  hand  the  needle  is 
defle<-ted  to  the  right,  then  it  shows  that  the  insulation  resistance  of 
this  <*able  is  less  than  1,110,000  ohms,  and  in  this  case  the  propor- 
tion ah:  a  c,  must  be  altered,  or  some  of  the  measuring  resistances 
plugged  until,  on  pressing  down  the  keys,  no  deflection  of  the 
galvanometer  needle  is  caused,  or  in  other  words  a  balance  is  obtained. 
It  mill  save  much  time  in  testing  if  a  definite  plan  of  connecting  up 
the  battery  be  used,  and  a  record  made  as  to  the  meaning  of  the  right 
and  left  swing  of  the  galvanometer  needle :  for  instance,  in  this  case, 
I^-ft  ^  ioi)  little,"  and  right  "  too  much." 

A  simple  test  for  insulation,  when  it  is  not  required  to  measure  the 
atHOuiUf  can  be  made  without  using  the  bridge  by  connecting  up,  as 
:ftbown  in  diagram  PI.  XXXVII.,  Fig.  1.  Note  the  deflection  on  (1000 
c^hms )  Gy  if  any,  and  then  connect  a  to  h,  and  note  reading.  If  the 
IaXXC'T  be  at  least  twice  as  much  as  the  fonner,  the  insulation  resistance 
is  at  I'-ast  10<  K)  ohms.  Should  any  considerable  defle*ction  occur  before 
n  maa  joine^I  to  fr,  this  would  denote  a  defect  in  the  insulation,  the 
p«*itiuu  of  whirh  could  be  dis^'overed  by  gradually  drawing  the  cable 
•.ut  of  th*:  tank.  If  the  fault  existe<i  at  a  single  ixiint,  the  needle  would 
9«izi^  Uv.-k  at  the  moment  of  that  {>oint  of  the  cable  leaving  the  water. 
Sti'^uld  there  be  several  faults,  as  each  was  lifteil  out,  a  bof^'kward  swin^ 
•jf  the  needle  would  ocM:ur. 

Ele-ztri'.-al  cables  for  submarine  mines  should  be  rejected  if  showinjj^ 
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anything  under  1000  ohms  insolation  resistance,  and  whenever  practi- 
cable a  cable  showing  bad  insulation  should  be  returned  to  the  depot 
for  repair. 

For  Copper  Besistance. — To  test  the  copper  resistance  of  the  core  or 
cores  of  a  multiple  cable,  a  balance  is  obtained  on  the  bridge  B ;  the 
only  difference  in  the  connections  being  that,  instead  of  the  pole  of 
the  battery  being  put  to  earth,  it  is  attached  to  the  d  terminal, 
to  which  the  previous  free  end  of  the  cable  is  also  connected;  see 
PL  XXXYL,  Fig.  2. 

Each  core  of  a  multiple  cable  (of  n  cores)  may  be  tested  for  copper 
resistance  separately ^  or  they  may  be  connected  up  to  give  a  continuous 
circuit  of  n  times  the  length  of  the  cable,  and  one  measurement  of  the 
resistance  taken,  which  divided  by  n  will  give  the  resistance  of  each 
core,  and  this  result  verified  by  testing  one  core  separately :  thus  only 
two  instead  of  seven  separate  tests  for  a  7-core  multiple  cable  would 
suffice.  The  core  of  an  electrical  cable  for  submarine  mines  has  a 
copper  resistance  of  12  ohms  per  knot. 

In  making  this  test,  it  is  better  to  use  the  proportion  a  h  (100**) : 
A  c  (10**),  and  so  obtain  a  resistance  on  (2  6  of  some  120  ohms, 
depending  of  course  on  the  length  of  the  cable  under  test. 

For  Continuity. — This  test  is  a  very  simple  one,  and  is  made  by 
connecting  a  to  6  in  PL  XXXVII.,  Fig  1,  when,  if  the  continuity  of  the 
core  is  good,  a  violent  swing  of  the  needle  of  the  galvanometer  G  will 
result.  If  no  deflection  occur  then  the  core  will  be  broken ;  and  if  it  is 
necessary  to  use  this  broken  cable,  what  is  termed  the  "  discharge  " 
test  will  have  to  be  made  to  discover  the  position  of  the  break  or 
breaks.  The  discharge  test  is  made  as  follows :  put  one  j)ole  of  a 
powerful  battery  to  earth,  and  charge  one  end  of  the  defective  cable, 
then  immediately  discharge  it  through  the  galvanometer  G,  and  note 
extreme  limit  of  swing  of  needle,  repeat  the  operation  with  the  other 
end  of  the  cable,  and  also  note  limit  of  swing :  repeat  the  operation  for 
each  end  and  take  mean  of  the  reflections,  and  then  the  proportion 
between  the  meiin  deflections  for  each  end  will  denote  accurately  the 
position  of  break,  and  the  cable  may  safely  be  cut  at  that  point. 
Should  the  precise  position  of  the  fault  not  be  by  this  means  dis- 
covered, each  piece  of  the  cable  must  then  be  again  tested  fur  con- 
tinuity, and  that  one  in  which  a  fault  was  still  found  to  exist  must  be 
again  tested  by  tlie  discharge  test. 
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It  will  therefore  be  better  to  test  at  the  mine  station  by  means  of 
the  Wheatstone  bridge  on  the  station  test  table  the  actual  resistance 
of  each  fuze  before  passing  it  for  use,  rejecting  those  not  showing  the 
standard  resistance.  In  PI.  XXXVII.,  Fig.  2,  is  shown  a  simple  plan 
of  testing  the  condition  of  mine  fuzes,  and  it  might  be  desirable  to 
provide  this  arrangement  at  each  station. 

Four  copper  wires  of  the  same  length  and  gauge,  or  with  opposite 
pieces  of  same  length,  are  fastened  to  a  board  as  shown  at  A,  Fig.  2, 
having  their  ends  turned  up  with  connections  to  which  to  attach  four 
fuzes  /,  f,  f\  /'";  to  the  centre  of  each  of  the  copper  wires  connecting 
these  fuzes  together,  a  wire  of  equal  length  is  attached,  and  connected 
up  to  the  galvanometer  G  of  the  station  test  table  in  circuit  with  the 
test  battery  and  key  i,  as  sho^^n  in  the  figure. 

The  four  fuzes  will  then  form  part  of  a  Wheatstone  balance,  and  if 
their  resistances  be  equal,  no  deflection  of  the  needle  G  will  be 
observed  on  pressing  down  the  key  i.  When  four  fuzes  have  been 
found  to  give  this  result,  three  of  them  are  left  permanently  attached 
as  standard  resistances,  and  the  fourth  pair  of  fuze  points  is  marked : 
then  to  test  other  fuzes  place  them  in  succession  on  the  marked  pair  of 
points,  and  press  down  the  key  A.  Any  motion  of  the  needle  either 
way  will  show  something  wrong,  and  the  nature  of  the  defect  will 
be  indicated  by  the  direction  in  which  the  needle  moves.  If  a 
deflection  occurs,  first  connect  the  points  of  the  experimental  fuze 
with  a  piece  of  copper  wire,  i.e.  short  circuiting  it,  to  show  whether 
the  deflection  is  due  to  too  little  resistance;  secondly,  remove  the 
fuze  altogether  to  ascertain  by  the  deflection  whether  it  is  due  to 
a  broken  bridge. 

Of  course  where  a  lot  of  fuzes  are  at  hand,  and  when  it  is  only 
desired  to  obtain  a  certain  number  of  good  fuzes,  the  cause  of  a 
deflection  to  the  right  or  left  need  not  bo  traced,  but  only  those  fuzes 
giving  a  balance  be  taken. 

For  Efficieney. — The  eflSciency  of  fuzes  whose  electrical  condition 
has  been  found  perfect,  can  only  be  tested  by  actually  exploding  them 
through  a  resistance  representing  the  resistance  of  the  circuit  they 
will  be  connected  up  in  on  actual  service,  and  knowing  the  internal 
resistance  (r),  and  E.  M.  F.  (E)  of  each  firing  cell,  resistance  of  the 
bridge  of  the  fuze  {/)  when  red  hot,  and  resistance  of  the  line  (B),  as 
well  as  the  actual  current  needed  to  make  the  bridge  red  hot  (c),  the 
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number  (n)  of  firing  cells  that  ought  to  explode  the  fuze  can  be  readily 
calculated  from  the  following  formula : — 

(1)    c    =  ^^ 


nr  +  f  +  B 
Suppose  c  =  0*5  ampere. 
E  =  1-9  volts, 
r  =  0*2  ohm. 
/  =  0-77 
B  =       15 


f9 
99 


then  formula  (1)  becomes 

n  X   1-9 


°'^        n  X  0-2  +  0-77  +  15 
n  =  5  cells  to  explode  the  fuze. 

If  with  5  cells  the  requisite  current  is  not  obtained,  then  one  or 

'■lore  cells  must  be  added  until  the  current  c  is  reached.    If  with  the 

^-'Orient  e  the  fuze  is  not  exploded,  and  yet  the  resistance  of  its  bridge 

Agrees  with  the  standard  measurement,  this  will  show  that  the  priming 

^  at  fault,  and  another  fuze  out  of  the  same  box  or  lot  should  be  tested 

*u  the  same  way. 

Testing  Disconnector  Fuzes  for  Resistance  and  Efficiency . — The  same 
process  of  testing  for  resistance  of  bridge  would  have  to  be  carried  out 
^•^^h  the  disconnector  fuze  as  described  for  the  mine  fuze. 

For  efficiency,  however,  a  circuit  should  be  made  up  of  a  discon- 
nector and  mine  fuze  with  resistances,  representing  the  other  parts  of 
^Hq  mine  circuit,  and  fire  the  mine  fuze  with  a  current  of  a  strength 
^iisl  to  that  which  is  capable  of  fuzing  or  deflagrating  the  wire  bridge 
^f  the  fuzes.     After  exploding  the  mine  fuze  test  the  circuit  to  prove 
^'^ether  the  disconnector  has  acted  properly  in  insulating  or  breaking 
^he  continuity  of  the  mine  circuit. 

Testing  Batteries  for  E.  M.  F.—The  E.  M.  F.  of  a  cell  can  be 
obtained  by  means  of  a  tangent  galvanometer.  This  galvanometer  is 
piDvided  with  two  scales  on  the  dial,  the  upper  portion  being  marked 
iiidegrees,  and  the  lower  in  tangents.  Then  a  standard  Daniell  cell 
(E.1L  F.  1'08  volts)  is  connected  up  with  a  suitable  resistance  to 
deflect  the  needle  to  1  -  08  on  the  tangent  scale. 

To  flnd  the  K  M.  F.  of  any  other  cell,  conne<*t  it  up  to  the  tangent 
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galyanometer  through  this  resistance,  and  note  the  reading  on  the 
tangent  scale.  Suppose  this  reading  to  be  2,  then  E.  M.  F.  of  cell 
under  test  will  be  as  2  to  1  '08,  or  1  '85  volts. 

It  might  be  as  well  to  cx)mbine  in  the  station  test  table  a  tangent 
galvanometer  of  this  description. 

For  Internal  Besistanee. — ^To  test  a  battery  of  similar  cells  for 
internal  resistance,  a  very  simple  way  is  to  divide  it  into  two  sets, 
connect  each  set  up  in  series,  and  the  two  positive  poles  together,  and 
then  treat  the  battery  as  an  ordinary  resistance,  and  measure  it  by  means 
of  the  Wheatstone  bridge  of  the  station  test  table  in  the  ordinary  way. 

The  iutemal  resistance  of  a  cell  may  be  also  ascertained  by  the 
following  method : — 

Form  a  circuit  of  the  cell,  galvanometer,  and  suitable  resistance  r,  and 
note  swing  of  galvanometer  needle  d ;  then  join  a  second  cell  to  the  first 
in  parallel,  and  by  adjusting  the  resistance  r  to  r'  bring  swing  of  the 
needle  to  d.  Calling  £.  M.  F.  of  cell  E,  f  its  internal  resistance, 
and  B  the  resistance  of  the  galvanometer  and  leads,  we  have  for  the 
one  cell : — 

E 

(1)  ^  =-? — Tri T  and  for  the  two  cells  in  parallel 

E 

(2)  ^  =  1  /  ./p  .  ^x  .  ^'     Combining  (1)  and  (2)  we  get/=2  r',  or 

the  internal  resistance  of  the  cell  is  equal  to  twice  the  extra  resistance 
interposed  in  the  circuit  to  bring  the  reading  for  the  two  cells  to  the 
same  as  for  the  one  cell. 

Testing  Firing  Batteries  for  Power. — For  this  test  the  100  ohms 
resistance  box  C  of  the  station  test  table  is  used ;  a  diagram  of  the 
connections  is  shown  in  PL  XXVII.,  Fig.  3.  Unplug  all  the  resist- 
ances between  t  and  t' ;  connect  a  piece  of  iridio-platinum  between  the 
jaws  g,  g'  representing  the  wire  bridge  of  the  fuze  to  be  fired  by  the 
battery ;  connect  the  carbon  of  firing  battery  to  the  jaw  g\  and  its  zinc 
to  the  terminal  J,  and  close  the  circuit  by  inserting  the  wandering 
plug  H :  then  plug  up  the  resistances  unit  by  unit  until  the  test  wire  p 
becomes  red  hot,  after  which,  by  means  of  the  wandering  plug  JB",  reduce 
the  resistance  ^\^th  ohm  at  a  time  until  the  wire  p  is  fuzed :  the  resist- 
ances remaining  unplugged  will  then  be  a  measure  of  the  strength  of 
the  firing  battery,  i.e.  it  will  be  capable  of  firing  a  fuze,  whose  bridge  is 
similar  to  p,  through  this  unplugged  resistance. 
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Testing  the  Directive  Instruments. — Directive  instruments  require 
\o  be  tested  to  prove  their  electro-mechanical  eflSciency. 

The  nature  of  these  tests  will  depend  on  the  system  of  directive 
instnmients  in  use,  and  here  it  will  be  only  necessary  to  detail  those 
tests  which  must  be  carried  out  in  connection  with  a  circuit-closer, 
shutter  apparatus,  the  intersectional  arc,  such  as  are  described  at 
pages  50,  103,  and  111  respectively. 

In  all  these  instruments  the  various  circuits  must  first  be  tested 
for  continuity,  which  can  be  readily  done  by  means  of  the  ordinary 
detector  galvanometer  and  battery  described  at  page  95 ;  then  in  the 
case  of  resistance  or  other  coils  these  must  be  measured  for  con- 
ductivity resistance  in  the  ordinary  way  by  the  Wheatstone  bridge  on 
the  station  test  table. 

Then  test  the  shutter  apparatus  to  find  the  minimum  current  that 
through  an  interposed  resistance  representing  the  mine  circuit  will 
cause  the  shutter  to  drop,  ije.  will  attract  the  armature  against  the 
holding-off  spring;  break  the  circuit,  and  prove  strength  of  this 
spring  to  draw  back  armature. 

Put  circuit  closer  in  circuit  with  the  shutter  apparatus  with  the 
same  interposed  resistance,  and  switch  in  the  signalling  battery  to 
prove  that  its  current  with  the  1000  ohms  resistance  of  the  circuit- 
closer  in  circuit  is  not  strong  enough  to  attract  armature:  then 
cause  the  circuit-closer  to  cut  out  its  resistance  coil  by  shaking  it 
violently,  Ac,  and  prove  power  of  signalling  battery  to  cause  the 
shutter  to  drop  when  the  1000  ohms  resistance  is  thus  cut  out. 

Tht»  armature  of  the  circuit-closer  electro-magnet  must  also  be 
adjusted,  so  that  the  motion  of  the  mine  containing  it  shall  not  cause 
the  circuit-closer  to  act  prematurely.  It  will  be  sufiicicnt  to  lay  the 
circuit-closer  on  its  side,  and  adjust  armature  to  just  make  contact. 

The  intffrsectional  arc  requires  to  be  tested  only  for  continuity 
between  its  various  contacts  by  means  of  an  ordinary  detector 
galvanometer  and  battery.  In  the  same  manner  a  similar  test  must 
be  made  with  a  series  of  firing  keys,  or  a  single  one. 

The  foregoing  briefly  indicates  the  kind  of  tests  that  are  necessary 
with  directive  instruments. 

Tetting  the  whole  System. — This  operation  will  have  to  be  performeil 
for  each  mine  as  it  is  planted,  and  for  the  whole  system  at  stated 
intervals  daily,  a  careful  reconl  lH?ing  niadi»  of  the  results  of  th«»si' 

R  2 
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tests,  the  value  of  which  for  indicating  at  any  time  the  electrical 
condition  of  each  circuit  will  depend  on  the  amount  of  care  that  has 
been  taken  in  carrying  out  the  various  preliminary  tests  in  the  manner 
explained  in  this  chapter. 

In  PL  XXXVIII.,  Figs.  1,  2,  and  3,  are  shown  diagrams  of  three 
different  arrangements  of  mine  circuits,  for  the  purpose  of  explaining 
the  nature  of  the  daily  tests  of  a  system  of  submarine  mines. 

CZ  is  the  testing  battery,  one  pole  to  earth  at  x;  P,  Q,  0,  the 
shutter  commutator;  E  the  shutter 'electro-magnet  coils;  N^  If,  the 
shutter  main  terminals ;  W  the  main  cable ;  w  the  mine  cable ;  r  the 
resistance  coil  (lOOO*)  of  the  circuit-closer  relay ;  /  the  fuze,  put  to 
earth  at  e. 

In  Fig.  2  w'  is  the  circuit-closer  cable :  in  this  case  the  circuit- 
closer  is  put  to  earth  at  e. 

In  Fig.  3,  d,  d,  dy  are  the  disconnector  fuzes. 

From  the  preliminary  tests  the  following  details  of  the  circuit  in 
Fig.  1  would  be  known. 


Resistance  from  0  to  M  suppose 

20      ohms. 

99 

of  W  (2  knts.)    „ 

24 

99 

„  w  (203  yds.)  „ 

1-2      „ 

9) 

„  r        equal  to 

1000      .   „ 

» 

99  J    'T  J           99            99 

1-54    „ 

» 

„  earth-circuit,  suppose      1          „ 

Total  resistance  of  circuit    1047  •  74 


99 


Connect  up  the  testing  battery  to  the  galvanometer  G  of  the 
station  test  table  with  this  total  resistance  of  1047*74  ohms  inserted  in 
the  circuit,  and  note  deflection  of  needle  with  both  the  positive  and 
negative  current,  and  tabulate  results ;  then  the  electrical  condition  of 
the  mine  circuit  after  it  is  laid  down  can  be  ascertained  at  any  time  by 
comparing  the  deflections  then  obtained,  using  the  same  testing  battery 
and  galvanometer,  with  the  tabulated  ones,  and  if  these  two  readings 
correspond,  or  nearly  so,  the  condition  of  the  circuit  may  be  considered 
as  good  and  serviceable. 

Accidents  in  Mine  Circuits. — The  damages  a  mine  circuit  is  liable 
to  are  manifold,  but  in  a  carefully  devised  system,  where  due  attention 
has  been  paid  to  the  joints,  the  fixing  of  the  multiple  and  mine 
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cables  in  the  junction  box,  the  connections  of  the  mine  cable  in 
the  mine  and  the  circuit-closer  case^  where  the  circuit-closer  is  of 
simple  construction,  and  not  too  delicate,  and  where  efficient  and 
carefully-tested  fuzes  are  employed,  there  is  no  reason  why  the 
efficiency  of  the  mine  circuit  should  be  impaired  by  the  fact  of  its 
being  a  submarine  circuit,  with  the  fuzes  and  circuit-closing  apparatus 
not  open  to  inspection  ;  and  provided  that  a  mine  circuit  is  in  perfect 
condition  when  laid  down  it  ought  to  remain  so  for  any  reasonable 
length  of  time,  unless  it  should  be  damaged  by  the  machinations  of  an 
enemy,  or  by  some  other  extraneous  cause,  such  as  a  vessel  anchoring 
ill  a  position  to  weigh  a  mine  or  multiple  cable  with  her  anchor,  and 
thus  break  it,  or  damage  its  insulation,  or  again  by  a  mine  being  sunk 
by  the  blow  of  a  friendly  vessel  colliding  with  it. 

All  accidents  happening  to  a  mine  circuit  sufficiently  serious  to 
militate  against  its  action  can  be  readily  discovered  at  the  mine 
station,  though  its  precise  nature  may  not  be  discoverable,  with  the 
(exception  of  the  sinking  of  a  mine,  or  circuit-closer  case,  though 
it  is  even  possible  to  ascertain  this  by  means  of  a  telephonic  test, 
as  will  be  explained  later  on. 

Consider  first  those  faults  which  may  occur  from  natural  causes 
due  to  defective  apparatus,  as,  for  instance,  the  short  circuiting  of  the 
high  (lOOO*)  resistance  coil  r,  or  the  breaking  of  the  bridge  of  the 
fuze/.  In  the  event  of  the  former  accident  occurring  in  the  case  of 
circuits  1  and  2  in  PL  XXXVIII.,  the  effect  would  be  to  permanently 
reiluee  the  total  resistance  of  the  circuit  of  the  mine  in  which  this 
happened  by  lOOO*,  and  with  the  signalling  battery  in  circuit,  ue.  with 
the  plug  inserted  between  P  and  Q,  the  shutter  of  that  mine  would  at 
once  fall,  and  could  not  be  retained  in  the  horizontal  position ;  and 
supposing  the  firing  battery  to  have  been  in  circuit  at  the  same  time 
the  mine  would  have  been  exploded  at  the  moment  of  the  shutter 
dropping,  or  in  other  words  at  the  instant  of  the  short  circuiting  of 
the  coil  r.  If  the  firing  battery  be  not  in  circuit,  the  same  effect 
would  be  produced  by  the  mine  cable  w  being  cut,  and  put  to 
earth,  as  by  the  short  circuiting  of  the  resistance  r,  and  only  by 
the  most  delicate  tests  would  it  be  possible  to  discover  which  of 
the  two  had  happened,  but  in  either  case  the  mine  would  be  rendered 
useless. 

In  circuit  No.  3  the  short  circuiting  of  either  of  the  coils  r,  or 
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the  cutting  and  putting  to  earth  of  either  of  the  mine  cables  w\  w\ 
v^y  would  cause  the  shutter  of  the  single  instrument  which  operates 
the  whole  of  the  mines  on  its  single-cored  main  cable  W  to  per- 
manently fall,  and  practically  put  that  group  of  mines  out  of  action, 
unless  the  firing  battery  be  put  in  circuit  to  explode,  and  insulate  the 
mine  in  which  the  coil  r  is  short  circuited,  by  firing  the  disconnector 
in  connection  therewith. 

In  the  case  of  a  broken  fuze  bridge,  this  would  mean,  in  circuits 
1  and  2,  loss  of  continuity  of  the  mine  circuit  where  this  happened, 
which  would  be  shown  on  putting  the  testing  battery  in  circuit  by 
the  impossibility  of  obtaining  any  reading  on  the  galvanometer,  and 
that  mine  would  become  ineffective.  A  similar  accident  occurring  to 
one  of  the  fuzes  in  the  mines  of  circuit  No.  3  could  only  be  ascer- 
tained by  the  difference  in  the  reading  on  the  galvanometer  then 
obtained,  with  the  testing  battery  in  circuit,  as  compared  with  the 
tabulated  reading,  as  such  an  occurrence  would  only  alter  the 
amotmt  of  the  total  resistance  of  the  whole  circuit,  though  of  course 
throwing  that  mine  out  of  circuit ;  but  the  number  of  the  mine  thus 
affected  could  not  be  ascertained  at  the  mine  station  with  mines  laid 
down  on  the  branch  cable  system. 

The  severing  of  the  main  cable  and  insulation  of  the  end  by 
the  enemy  would  in  either  of  these  cases  be  shown  by  the  failure  to 
obtain  any  reading ;  in  the  first  two  cases  this  could  be  in  a  manner 
proved  by  no  reading  being  obtained  from  each  mine  put  separately 
in  circuit. 

The  cutting  of  a  mine  cable  by  the  enemy  and  insulation  of  the 
end  would  affect  the  circuit  in  the  same  manner  as  in  the  case  of 
a  broken  fuze  bridge,  and  could  be  similarly  discovered. 

In  the  event  of  a  mine  or  circuit-closer  case  being  sunk  by  the  blow 
of  a  passing  vessel,  no  indication  would  be  afforded  of  any  accident 
having  happened  unless  the  water  penetrated  into  the  circuit-closer 
and  short-circuited  the  high  resistance  coil,  though  then  the  actual 
nature  of  the  accident  would  not  be  known.  By  the  use  of  the 
telephonic  test  it  would,  however,  be  possible  to  ascertain  that  a  mine 
had  been  sunk  in  the  following  manner.  This  test  consists  of  a 
telephone  at  the  miuQ  station,  and  one  in  each  of  the  circuit-closers, 
the  latter  being  provided  with  loose  shot  placed  on  the  diaphragm  : 
any  motion  of  the  mines  would  then  be  indicated  through  the  move- 
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ment  of  these  shot  in  the  circuit-closer  telephone  by  the  telephone 
at  the  mine  station.  Suppose  that  of  seven  mines  on  the  same  circuit 
six  of  them  transmitted  the  sound  caused  by  the  rolling  of  these  shot 
in  their  telephones,  and  the  seventh  mine  failed  to  transmit  any  such 
sonnd,  it  would  indicate  that  this  mine  alone  was  absolutely  at  rest,  or 
in  other  words  had  probably  been  sunk. 
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CHAPTER  VII. 
General  Pbinoiples  of  Submabike  Defence. 

1.  Tbe  two  main  principles  of  Submarine  Defence — 2.  Consideration  of  the  first  principle — 
3.  Consideration  of  the  second  principle — 4.  Considerations  in  planning  a  Submarine 
Defence— 5.  Nature  of ''Befuge"  Channel— 6.  Position  of  the  Mine-field— 7.  Class  of 
Mines  to  be  used— 8.  Disposition  of  the  Mines — 9.  Positions  of  the  Mine  Stations — 
10.  Mode  of  introducing  the  Electrical  Cables  into  a  Fort — 11.  Isolated  Mine  Station — 
12.  Protection  of  the  Mme-field— 13.  Special  Marine  Defenoe»— 14.  The  Method  of 
Planting  a  System  of  Submarine  Mines — 15.  Tables  of  particulars  required  in  Planting 
Mines — 16.  Description  of  vessels  used  in  laying  down  Mines — 17.  The  operation  of 
buoying  the  Mine  and  Junction-box  positions — 18.  Laying  out  the  Mine  Electric 
Cables — 19.  Planting  Mines  Fired  by  Obseryation— 20.  Planting  ElectroHX)ntact 
Mines — 21.  Description  of  a  general  sketch  of  the  Submarine  defence  of  the  entrance 
to  a  harbour. 

AN  ideal  harbour  defence  by  submarine  mines  should  permit  of  an 
arrangement  whereby  it  would  be  impossible  for  the  ships  of  an 
enemy,  having  for  their  purpose  the  bombardment  of  that  harbour,  to 
place  themselves  within  its  effective  range  without  passing  over  some 
portion  of  the  mine  field,  but  owing  to  the  increased  effective  range  of 
modem  ship  artillery,  and  the  difficulties  attendant  on  the  mooring  of 
mines  to  seaward  of  a  harbour,  this  is  not  feasible  in  practice ;  therefore 
the  object  of  a  mine  defence  is  now-a-days  limited  to  the  prevention  of 
the  entrance  of  a  harbour  being  rushed  by  one  or  more  of  the  hostile 
vessels,  which,  were  there  no  mine  defence,  would  be  a  possible  pro- 
ceeding with  the  present  heavily  armoured  high  speed  ironclad,  even 
in  the  face  of  the  powerful  guns  that  are  now  to  be  found  in  the  land 
works  of  all  first-class  harbours. 

The  Two  Main  Principles  of  Submarine  Defence. — The  two  main 
principles  on  which  the  defence  of  harbours  by  submarine  mines  is 
based  are  as  follows : 

1.  The  arrangement  of  the  mines  in  positions  such  that  it  would  not 
be  possible  for  a  hostile  vessel  attempting  to  force  a  passage  into  a 
harbour  defended  by  such  means  to  pass  more  than  one  line  of  them 
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u>nt  coming  within  the  destractive  radius  of  some  one  or  other  of 
e  mines  of  the  remaining  lines. 

.  Thii  complete  protection  of  the  mine  field  by  the  guns  of  the 
lefcDoe,  either  those  of  the  principal  landworks,  or  of  specially  con- 
stnicled  batteries,  or  of  guard  sliips. 

Consideration  of  the  First  Principle. — In  regard  to  the  first  principle, 
the  difficulty  of  fulfilling  it  lies  in  the  fact  that  the  destructive  radius 
of  s  snbmarine  mine  is  considerably  less  than  the  distance  that  must 
be  nuiintained  between  any  two  of  them  to  prevent  injury  to  the  mine 
w,  or  eleetrienl  apparatus  contained  therein  by  the  concussion  of  a 
ighbouring  mine  esplosion. 

Ttie  extreme  destructive  horizontal  range  of  different  sized  mines 
jl  with  gon-cottoD  as  computed  by  General  Abbot  is  as  follons : 

Charge II. 

100  lbs 14-7  feet. 

200   „         20-5     „ 

500  , 31-7    „ 

The  necessary  interval  for  safety  that  must  be  maiutained  between 
twii  mines  is  at  least  S  R.,  so  that  the  100-lb.  mines  must  be  planted 
at  a  distance  apart  equal  to  8  X  14-7  or  llit'2  feet :  for  the  200-Ib. 
mioM  8  X  20-5,  or  104  feet:  and  for  the  500-lb.  mines  8  x  31-7, 
or  253'G  feet.  The  safety  interval  less  twice  the  deatrucLive  radius 
will  thc-n  rej)re8eDt  the  actual  undefended  space,  so  far  as  fatal  injury 
to  a  firat-closs  ironclad  is  concerned,  representing  S5'8  feet,  123  foct, 
and  lffO-2  feet  respectively  for  two  100-lb.,  200-lb.  or  500-lb.  (gun- 
ootfam)  mines. 

The  radius  here  referred  to  is  that  at  which  the  strongest  ironclad 
a4aal  woolil  receive  u  fatal  injury,  but  such  a  vessel  moving  ahead 
mider  steam  might  sustain  serious  daniuge  to  licr  mochiuury,  &c.,  at  a 
diatanoe  eqaal  to  possibly  twice  this  destnictive  radius. 

The  diagram  io  FL  XXXIX.,  Figs.  1,  2,  and  3,  represents  the 
dertmctivi!, dangerous, sud  safety  areas  of  a  500-Ib.,  200-lb.,  and  lOO-lb. 
nine  charged  with  gun-cotton  :  a  ship  within  the  inner  circle  a  at  the 
mumciit  of  the  mine  m  beiug  fired  would  receive  a  fatal  injury,  and 
vithiD  the  circle  b  but  without  a  would  sustain  more  or  less  serious 
i  aooordiog  to  its  distance  from  a :  a  mine  plautef)  within  the 
e  e  would  be  liable  to  be  either  rendered  useless  by  its  circuit  closer 
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being  damaged,  or  by  being  sunk,  or  prematurely  exploded,  on  the 
explosion  of  the  mine  m ;  and  a  similar  result  would  happen  to  the 
mine  m  if  the  fonner  be  fired  instead  of  the  latter. 

Canaideration  of  the  Second  Principle. — The  second  principle  is  a 
most  important  and  necessary  one,  for  a  submarine  mine  defence  left 
wholly  unprotected  by  guns,  or  unguarded  by  armed  high-speed  boats, 
would  be  readily  disabled  or  destroyed  by  an  enemy  having  the  needful 
time  and  the  necessary  material ;  and  not  only  do  the  mines  require 
to  be  efficiently  protected,  but  also  the  mine  and  observation  stations 
must  be  securely  defended  from  assaults  by  landing  parties  from  the 
attacking  fleet. 

In  certain  exceptional  cases  where  a  place  is  deemed  to  be  suffi- 
ciently defended  by  a  number  of  self-ading  mines  for  the  sole  purpose 
of  denying  its  use  to  the  enemy,  either  for  efibcting  a  landing,  or  for 
any  other  object,  it  would  possibly  not  be  necessary  in  such  a  case  to 
provide  the  mine  field  with  a  gun  protection,  though  even  here  a  gun 
defence  would  very  materially  increase  the  utility  of  the  mines  by 
increasing  the  difficulties  of  clearing  the  harbour  by  the  enemy  in  the 
event  of  their  being  obliged,  for  some  reason  or  other,  to  make  use  of 
this  place. 

In  fact  it  ought  to  be  considered  as  an  axiom  of  harbour  defence 
that  the  submarine  mine  portion  of  it  must  be,  and  is  worth  being, 
protected  by  guns  and  guard  boats  against  countermining,  and 
other  operations  that  the  enemy  may  attempt  with  a  view  to  render 
tlio  mine  field  innocuous ;  inasmuch  as  the  gun  defence  of  a  harbour 
needs  the  assistance  of  the  submarine  mine  to  render  it  eflfective, 
so  does  the  mine  need  protecting  by  the  gun  to  secure  its  greatest 
efficiency. 

It  must  be  remembered  that  the  cutting  of  a  multiple  cable  means 
the  rendering  of  all  the  mines  in  circuit  therewith  inactive,  represent- 
ing in  the  usual  method  of  connecting  up  the  groups  of  mines  as 
shown  in  PI.  XLI.,  Fig.  1,  the  opening  of  a  safe  passage  to  the  enemy 
of  some  200  yards  to  100  yards  in  width  according  as  seven  or  five 
500-lb.  mines  constitute  a  group :  however,  this  may  be  to  some  extent 
remedied  by  arranging  each  set  of  mines  in  circuit  with  a  multiple 
cable  in  lines,  as  in  Fig.  2,  instead  of  in  groups,  when  the  cutting  of 
a  multiple  cable  would  only  mean  the  loss  of  the  mines  in  one  line ;  but 
even  here  such  a  disaster  would  very  seriously  weaken  the  effectivenefis 
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f  the  mine  defeoce.    Similarly  in  the  Base  of  a  number  <rf  electro- 
rila<'t  mines  in  circuit  with  n  sintfJe  cored  inaiu  cable,  tlic  <lestmction 

f  ttM>  Iniu^r  would  involve  the  loss  of  the  former.     If  no  distarbiiig 

:•  ini-nt  bi*  present,  it  is  by  no  means  a  very  diflicnlt  work  to  creep 
fur,  pick  up,  and  cut  an  electric  cable ;  and  as  a  successful  opemtion 
wrmM  result  so  disastrously  to  the  defence,  it  is  imperative  that  a 
iltnturbiiig  element  of  considerable  magnitude  should  be  at  hand  to 
inturmpt  snch  work,  in  the  shape  of  guanl  boats,  guns  covering  the 
whole  mine  field,  electric  lights,  &c. 

Consideraiiom  in  Plannitiff  a  Submarine  Defence. — The  preparation 

:'  A  scheme  of  submarine  defence  for  the  sea  board  of  any  country 
■  Titails  A  very  great  number  of  considerations ;  first  of  all  it  would  be 
im  iMiiijr  to  decide  as  to  the  places,  harbours,  open  roadsteads,  rivers, 
Ac^  to  be  so  protected :  and  secondly,  which  of  them  are  to  be  treated 
•a  "  bsrboDia  of  refuge,"  that  is  open  at  all  times  to  the  passage  in  and 
oat  of  friendly  ships,  but  closed  to  the  enemy,  and  which  of  them  are 
to  hei  entirely  closed  both  to  friend  and  to  foe. 

'Vlu^m  points  being  settled,  then  there  has  to  be  considered  the 
•I'.-liiils  of  the  mine  defence  for  each  particular  place,  the  nature  and 
quantity  of  which  varies  according  (1)  to  its  local  features;  (2)  to 
the  importance  of  the  position ;  (3)  to  the  views  of  those  officials 
reapotuiblc  for  this  work;  (4)  and  to  what  is  even  a  more  important 
and  varying  factor — the  amount  of  money  provided  therefore ;  and  as 
ili^w^  factors  are  regulated  by  no  fixed  law,  it  is  ira[>osBib1e  to  formu- 
Ulu  any  definite  general  scheme  of  submarine  defence,  but  all  that 
f-AQ  Ui  attempted  here  is  to  suggest  various  poiDta  of  consideratioD, 
and  to  explain  how  the  operation  of  actually  planting  the  diflerent 
rUn«  of  min<.>«  may  be  carried  out. 

Fintf  take  the  case  of  an  important  harbour  such  as  a  naval  port 
ptMSwing  an  arsenal  and  dockyard,  which  would,  of  course,  have  to 
U-  treated  ■■  a  "  harbour  of  refuge," 

In  preparing  a  plan  of  defence  of  any  place  by  submarine  mines, 
It  Li,  6nt  of  all,  necessary  to  provide  a  chart  on  a  scale  of  at  least 
u  incbM  to  tho  mile,  and  on  this  must  be  marked  the  position  of 
mdi  cxiMing  fort  or  battery,  us  well  as  of  tliose  it  is  intended  to 
maatract  for  tho  special  work  of  protecting  the  mines,  the  firing,  and 
eaaT«fgiDg  stations,  also  the  lines  of  low-water  soundings,  and  all 
the  sTuUble  ioTotmation  as  to  direction  and  rate  of  cnrrouts  and 
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tides,  nature  of  bottom,  direction  of  prevailing  winds,  rise  and  fall 
of  tide,  &c. 

Then,  with  this  carefoUy  prepared  chart  at  hand,  the  following 
points  have  to  be  considered  and  settled : — 

1.  Natnre  of  ^  refuge  "  channeL 

2.  Position  of  the  mine-field. 

3.  Class  of  mines  to  be  used. 

4.  Dispostion  of  the  mines. 

5.  Position  of  the  shore-mine  station. 

6.  Protection  of  the  mine-field. 

7.  Special  defences. 

These  questions  inyolye  a  multitude  of  considerations,  and  become 
80  complex,  owing  to  their  dependence  on  the  local  features  of  any 
particular  place  that  it  is  only  possible  to  briefly  touch  on  them  in  a 
general  way. 

Nature  of  "  refuge  "  Channel, — A  "  refuge  "  channel  is  the  passage 
which,  by  the  use  of  the  controlled  submarine  mine,  can  be  opened  to 
friend,  but  closed  to  foe,  and  this  passage  may  constitute  the  whole 
width  of  a  harbour  entrance  or  entrances,  or  only  a  portion  thereof. 

Suppose  the  place  under  consideration  has  but  one  entrance,  say 
4000  yards  in  width  at  the  outer  boundary  of  the  proposed  mine  field, 
the  question  then  is  whether  the  whole  of  this  space  shall  be  treated  as 
a  "refuge"  entrance,  that  is  planted  with  controlled  mines,  or  shall 
only  a  portion  of  it,  forming  a  winding  refuge  channel  2000  yards  in 
width  for  instance,  be  thus  defended,  and  in  the  remaining  portion  be 
planted  self-acting  mines  only. 

In  the  ease  of  a  harbour  possessing  a  "refuge"  channel  of  this 
description,  it  would  be  necessary  to  provide  a  staff  of  reliable  official 
pilots  to  conduct  friendly  ships  in  and  out,  and  every  precaution  would 
have  to  be  taken  to  prevent  the  enemy  from  obtaining  a  knowledge  of 
the  position  and  direction  of  this  channel ;  this  work  could  be  effected 
in  war  time  with  comparative  ease  in  ordinary  weather,  and  under 
ordinary  circumstances ;  but  circumstances  might  arise  when  the  feet 
of  the  captain  of  a  friendly  ship  being  ignorant  of  the  leading  marks 
of  this  channel  might  prove  disastrous  and  even  fatal  to  his  ship ;  as, 
for  instance,  when  seeking  refuge  in  the  harbour  from  stress  of  weather, 
or  from  an  enemy's  war  ship  close  at  his  heels. 
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It  nuj,  theieforo,  be  laid  down  as  a  rale  that  any  important 
plftco  intended  as  a  enteral  "harbour  of  refuge"  should  Im  planted 
ID  ita  entiRty  with  amiroHed  tninea,  the  use  of  B<>lf-actin|^  mines 
being  restricted  to  each  places  it  is  desired  to  close  altogether,  or 
for  the  defence  of  certain  portions  of  those  places  that  military 
exigenciea  reqalro  to  bo  used  as  ttainl "  harlwnrs  of  refuge,"  that  is 
to  B»T,  for  the  nsG  of  war  ships  only,  the  commauders  of  whom 
would  be  acquainted  with  the  proper  courses  to  steer  in  seeking 
refuge  therein. 

It  may  be  that  the  place  under  consideration  has  two  ontrnnit-s; 
the  question  then  arises  as  to  whether  both  shall  bo  defended  tts 
"  refoge  "  entrances,  or  whether  one,  and  if  bo,  which  of  them  shall 
be  closed  entirely  by  self-acting  mines,  booms,  iVc. 

Position  of  the  Mine  Field, — Suppose,  then  that  a  decision  has  been 
arrtred  at  as  to  the  kind  of  "  refuge  "  channel  to  bo  provided,  the  next 
point  to  be  considered  is  the  position  and  number  of  mine  fields: 
the  outtfT  field,  if  more  than  one,  should  be  placed  right  at  the  harbour 
entnnce,  choosing  the  narrowest  width  from  shore  to  shore  for  the 
oatcciDOst  row  of  mines.  The  number  of  fields  will  depend  on  the 
size,  importance,  and  local  features  of  a  harbour.  For  example,  take 
Uw  CM©  of  Plymouth  harbour ;  here  there  are  two  entrances  to  the 
aachoragc  formed  by  the  breakwater,  and  also  to  the  inner  jiort  formed 
by  an  island,  and  it  would  be  therefore  necessary  to  form  a  mine  field 
in  each  of  the  outer  and  inner  entmnces. 

C3tu»  of  Minta  to  be  used. — Now  comes  the  consideration  of  the  class 
of  toioe  to  bo  adopted ;  where  the  depth  of  water  is  sufficient  to  permit 
<if  the  pasaage  of  the  larger  class  of  war  ships,  the  5U<)-lb.  gun-cotton 
nine  should  be  used  either  as  simple  etectro-oontact  mines,  or  in  com- 
biaation  with  a  separate  circuit  closer  c-ase,  if  the  depth  of  water  be  too 
great  f<>r  the  formt-r  system ;  these  would  have  to  be  arranged  for 
•faaemtioD  as  well  as  contact  firing. 

In  channels  and  reaches,  and  also  on  the  flanks  of  the  more  powerful 
-.ihm,  where  the  depth  of  water  j>ermit8  of  the  passage  of  small  vessels 
ily,  the  lOlMb.  electro-contact  mine  sliuuld  be  used,  and  arranged  on 
:te  bnuKh  system  from  a  single-cored  main  cjihle;  while  in  still 
Lallower  places  open  only  to  the  [lassage  of  torpedo  and  other  e«m- 
.^.timtively  light-draught  vessels,  the  5()-lb.  eloctro-contucl  mines, 
rntDged  on  the  same  system,  would  suffice;  these  might  supjiorl,  or 
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be  supported,  by  booms  or  such  like  passive  obstruction  to  prevent  the 
main  mine  field  being  circumvented  by  the  torpedo  boats  of  the 
enemy.  In  these  latter  positions  self-acting  mines  might,  of  course,  be 
used  for  the  sake  of  cheapness,  but  it  is  better  to  rely  altogether  on 
controlled  mines  for  the  defence  of  an  important  harbour,  the  entrance 
of  which  should  be  entirely  open  to  the  manoeuvres  of  the  defending 
torpedo  and  guard  boats,  or  otherwise  on  a  dark  night  accidents  might 
happen  to  the  latter  through  their  getting  by  mistake  into  the  field  of 
self-acting  mines. 

In  places  where  there  is  experienced  an  excessive  rise  and  fall  of 
tide,  special  means  must  be  taken  to  ensure  one  or  more  of  the  rows 
of  mines  being  in  effective  position  at  all  times,  no  matter  what  the 
state  of  the  tide  may  be ;  at  the  present  time  no  satisfactory  self-acting 
urangement  exists  for  maintaining  the  mines  at  a  fixed  depth  below 
the  surface  of  the  water  whatever  be  the  amount  of  the  rise  and  fall  of 
tide,  though  the  great  importance  attaching  to  this  question  should 
offer  a  sufficient  inducement  to  torpedo  scientists  and  inventors  to 
devise  a  solution  of  this  surely  not  unsolvable  problem. 

The  plan  usually  adopted  in  these  circumstances  is  to  moor  the 
outer  row  of  mines,  so  that  they  shall  be  at  the  proper  depth  below  the 
surface  at  low  water,  the  middle  row  for  mean,  and  the  inner  row  for 
high  water. 

By  such  an  arrangement  the  mines  of  the  middle  and  inner  rows 
will  be  exposed  at  dead  low  water,  and  though  still  active  as  contact 
mines,  they  will  be  more  or  less  out  of  position  for  observation  firing ; 
at  the  top  of  high  water  the  mines  of  both  the  outer  and  middle  rows 
will  be  inactive  as  contetct  mines,  being  then  too  far  below  the  surface, 
though  in  proper  position  for  observation  firing. 

In  PI.  XL.,  Figs.  1,  2,  and  3  show  the  arrangement  of  three  rows  of 
mines  in  a  place  where  the  rise  and  fall  of  tide  is  supposed  to  be  40  feet, 
and  the  depth  at  low  water  30  feet.  Fig.  1  represents  the  outer  row 
of  mines,  10  feet  below  the  surface  at  low  water,  30  feet,  and  50  feet 
at  half  or  mean,  and  high  tide  respectively ;  8^  S^,  SP  represent  the 
section  of  a  ship  50  feet  beam,  and  25  feet  draught  of  water,  in  position 
at  each  state  of  the  tide. 

Fig.  2  represents  the  middle  row  of  mines  15  feet  below  the  surface 
at  half  tide,  and  35  feet  at  high  water :  m}  shows  position  of  mines  at 
low  water. 
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Fig.  3  abowB  the  inner  row  of  mines,  15  feot  from  the  surface 
ftl  high  water;  m',  m",  represent  the  mines  at  hulf  and  low  water 
n^ppictivelj. 

One  of  the  best  of  the  automatic  mooring  arrangements  for  mines 
pUred  in  tidal  harbours  is  described  in  Chapter  III,,  page  72,  but 
good  as  it  imdonbtedly  is,  it  is  not  perfect,  owing  to  its  working  parts 
being  sabmerged  and  unprotected,  and  therefore  liable  to  be  clogged 
after  being  in  use  for  any  long  period  of  time. 

It  ta  sorely,  in  those  days  of  the  application  of  electricity  to 
almost  BTery  branch  of  industry,  not  beyond  the  powers  of  any  clovur 
practical  electrician  who  may  consider  it  worth  his  while  to  study 
thiM  problem  (o  devise  a  simple  method  by  which  he  shall  plaee  in 
tbt-  bands  of  the  submarine  miner  a  means  whereby  he  can  at  any 
time  draw  down  or  float  Up  a  row  of  mines  from  the  shore  station, 
io  as  to  ensure  their  being  always  completely  submerged,  no  matter 
what  may  be  the  fall  and  rise  of  tide  in  the  position  in  which  they 
may  bo  planted. 

Diapotition  of  the  Mines. — The  disposition  of  the  mines,  i.e.  their 
arraogemont  in  the  field,  is  usually  carried  out  on  the  plan  shown  iu 
PJ.  XLL.  Fig.  1. 

A  set  of  five  or  seven  mines  on  a  multiple  cable  may  be,  of  course, 
groaped  in  a  variety  of  ways,  as,  for  instance,  in  a  circle  around  its 
janctiou-box,  or  in  tiie  form  of  a  triangle,  or  in  echelon,  but  the  three- 
row  formation  is  indisputably  the  best  for  providing  an  adequate  pro- 
tection for  the  greatest  area  with  the  smallest  number  of  mines,  as  well 
ai  for  Bimplifying  the  process  of  plauting  them,  and  their  arrangement 
for  obaenration  firing. 

Ft  XLI.  illustrates  four  methods  of  connecting  up  three  groups 
of  mine*;  Fig.  1  represents  the  arrangement  usually  adopted,  and  in 
m  tut  OM  the  work  of  laying  down  the  mines  is  concerned  it  Is  a 
anplfl  one,  but  it  possesses  two  serious  defects,  viz.  that  it  complicates 
Iha  eoonections  at  the  mine  station,  and  that  the  cutting  uf  one 
Multiple  cable  puts  out  of  action  a  certain  number  uf  mine^  in  etu-h 
mm,  and  thua  opens  a  safe  passage  to  the  enemy  through  the  mine 
leU,  and  the  latter  disadvantage  would  be  fatal  were  it  possible  for 
tlw  enemy  on  ontting  a  cable  to  discover  the  position  of  the  channel 
tinp  opened  to  their  ships, 

Tfaa  oomplicatioQ  referred  to  arises  from  the  fact  that  each  mw  of 
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mines  is  composed  of  some  in  connection  with  each  multiple  cable,  and 
as  a  separate  shutter  apparatus,  and  a  separate  telescopic  firing  arc  has  to 
be  provided  at  the  mine  station  for  each  row  of  mines,  a  certain  number 
of  cores  from  each  of  the  multiple  cables  must  be  connected  to  these 
instruments. 

By  utilising  a  separate  multiple  cable  for  each  row  of  mines,  as 
shown  in  PL  XLI.,  Figs.  2,  3,  and  4,  the  defects  belonging  to  the 
other  method  are  obviated.  Figs.  2,  3,  and  4  illustrate  three  arrange- 
ments of  connection  where  each  row  has  its  own  multiple  cable :  if  it 
be  considered  absolutely  necessary  to  plant  the  junction-boxes  in  the 
rear  of  the  mine  field,  then  one  or  other  of  the  methods  of  leading  the 
cables  from  the  mines  to  their  junction  boxes,  shown  in  Figs.  2  and  3, 
must  be  adopted ;  but  to  avoid  the  complication  thus  entailed  in 
laying  the  mines  down,  and  as  there  is  no  practicable  objection  to  the 
junction  box  of  each  row  of  mines  being  planted  immediately  in  its 
rear,  the  method  represented  in  Fig.  4  could  with  advantage  be 
employed. 

In  a  system  of  electro-contact  mines  on  the  branch  system  from  a 
single-core  main  cable,  it  is  better  to  enclose  the  disconnectors  in,  and 
bring  all  the  mine  cables  to  one  junction-box,  instead  of  adopting 
the  plan  represented  in  PL  XV.,  Fig.  1,  as  the  former  permits  of 
the  connections  of  the  main  and  mine  cables  and  the  disconnectors 
being  examined  at  any  time  without  much  trouble,  while  the  work  of 
laying  down  a  group  of  these  mines  is  thereby  much  simplified. 

The  number  of  electro-contact  mines  attached  to  a  junction-box 
depends  on  the  capacity  of  the  latter  for  carrying  the  disconnectors : 
not  more  than  five  mines  should  be  used  on  a  single-core  main  cable. 

The  power  of  defence  of  a  row  of  five  mines  might  be  immensely 
increased  by  connecting  up  to  each  of  the  five  cables  branching  from  a 
junction-box  three  or  more  mines  (instead  of  one)  on  continuous  circuit, 
and  the  mines  of  each  set  arranged  to  be  fired  together;  each  set 
could  be  disposed  in  a  circle,  and  the  mines  planted  comparatively 
close  together,  as  the  set  of  mines  being  exploded  as  one,  the  question 
of  sympathetic  explosions  would  not  apply  to  them ;  this  arrangement 
has,  however,  a  detect,  in  that  each  mine  of  a  set  cannot  be  tested 
separately,  while  of  course  though  not  requiring  additional  junction- 
boxes  and  main  cables,  yet  it  would  be  an  expensive  system,  and 
further  would  add  to  the  difficulties  and  troubles  already  attendant  on 
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l.iDting  k  sysh^n  of  nuBes.    For  observation  firing  each  set  would  be 
;.'t-Ateil  as  one  mine. 

Potititma  of  the  Mine  Stations. — The  position  of  the  priupipal  mine 
station,  that  is  the  one  to  which  nit  the  multiple  and  other  main 
cables  are  brought,  and  in  nhJcli  all  the  directivu  (shutter  apparatus 
and  teleacopic  firing  arcs)  and  testing  instruments  are  sitnated,  would 
h&  in  the  fort,  most  suitablv  placed  for  the  proper  control  and  observa- 
tion of  the  mines.  The  position  of  the  station  on  which  the  rows  of 
min^a  nonverge,  where  the  telescopic  converging  arcs  are  situated, 
would  l>c  ID  the  f'lrt  at  that  point.  Id  the  absence  of  a  fort  at  the 
jtaaitiimH  most  snitabic  for  the  main,  or  as  it  is  usually  termed,  "  firing  " 
»nd  the  •*  converging  "  stations,  special  works  must  be  erected  for  this 
,>arp)j8e,  provided  with  an  adequate  means  of  self-defence  against  any 
rlinary  attempt  of  the  enemy  to  capture  theu,  for  the  possession 
!"  a  main-mine  station  by  the  enemy  would  be  fraught  with  the  most 
:«Mln>(LS  conseqnences  to  the  defence ;  tho  capture  of  a  converging 
-t.ilii*n  would  not  of  course  entail  such  serious  consequences,  as  the 
i. ring  of  the  mines  by  contact  or  "at  will"  would  not  be  interfered 
■itfa  ;  but  every  prccantion  should  be  taken  to  couceal  the  position  of 
unch  a  station  when  it  is  not  situated  in  a  fort,  but  in  a  special  work  ;  it 
might  also  be  minetl,  so  that  it  could  be  efrectually  destroyed  in  the 
event  of  its  failing  into  the  hands  of  tho  enemy,  and  thus  prevent  bis 
gaining  any  useful  information  as  to  the  position  of  the  mine  field. 

Mode  of  introducing  thf  Eleclriml  Cablen  into  a  Fort. — The  introduc- 
i.n  of  tho  mnin  electrical  cables  into  the  fort  in  which  is  situated 
:he  firing  station  is  an  important  matter,  for  not  only  must  they  bo 
pcolected  from  injury  by  the  enemy,  but  also  from  the  friction  and 
rubbing  necessarily  caused  by  the  wash  of  the  sea. 

The  plan  of  one  way  of  carrying  out  this  work  isshowninPl.  XLII., 
tip.  1,  and  a  section  of  the  same  in  Fig,  2,  where  T  is  the  testing  room 
I  ito  nhich  all  the  cables  must  be  brought ;  S  a  store  room  adjoining ; 

*  ihaft  a,  2  ft.  by  4^  ft.,  cut  through  the  outer  masonry  of  the  fort 
t'rorides  access  to  the  gallery  b;  the  cut,  or  gallery,  should  be  of 
•^ffidenl  height  to  jiermit  a  man  to  pass  freely  along  in  order  to 
'luniDO  the  cables,  and  4}  ft.  broad';  this  cut  would  be  dry  at  low 
■iter,  and  filled  with  water  at  high  tide.  The  shaft  a  is  provided 
■itk  a  ladder;  eisau  iron-platM  hood  carried  down  to  the  level  of 
tW  bottom  of  the  MM :  /  is  n  wronght-iron  iliaphragm  orshield  through 
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which  the  cables  are  carried,  which  need  not  be  water-tight,  and  is 
only  intended  to  prevent  the  wash  of  the  sea  rushing  violently  into  the 
passage  J,  finding  its  way  into  the  testing  room  T.  A  man-hole  d 
gives  access  to  the  gallery  at  low  water,  and  also  permits  the  sea  rush- 
ing in  through  the  hood  and  checked  by  the  diaphragm  to  escape 
without  bursting  in  the  latter. 

The  electrical  multiple  cables  are  carried  in  on  a  system  of  gun 
metal  frames,  placed  at  intervals  along  the  hood  and  gallery :  they  are 
provided  with  four  compartments,  each  holding  ten  cables  laid  in 
separate  grooves. 

Thus  forty  cables  are  carried  into  the  testing  room,  representing 
either  40  sets  of  7  or  5  mines,  or  280,  or  200  single  cores,  according  to 
the  size  of  the  multiple  cable  used  in  the  system  of  defence. 

The  width  of  the  frame  is  only  2^  feet,  thus  leaving  a  space  of 
2  ft.  for  the  examination  of  the  cables. 

The  floor  of  the  test  room  should  not  be  less  than  3  feet  above 
level  of  high  water  at  spring  tide,  and  the  outside  of  the  hood  not  less 
than  10  feet  below  level  of  low  water  at  spring  tide. 

Identity  of  each  cable  must  be  carefully  preserved. 

Isolated  Mine  Station. — In  the  event  of  its  being  necessary  to  place 
a  mine  station  where  no  permanent  fortification  exists,  it  should  be 
solidly  built  with  a  ditch  all  round  completely  flanked  by  machine  gun 
and  rifle  fire,  covered  by  earth  blindages,  and  as  effectually  concealed 
as  is  consistent  with  its  use  as  an  observing  station.  The  object  being 
to  ensure  its  safety  against  a  sudden  attack. 

At  PI.  XLIII.  is  shown  one  form  of  such  a  work,  where  Fig.  1  is 
an  internal  elevation,  and  section  through  X,  F,  in  the  plan  Fig.  2. 

A  is  the  testing  table  and  shutter  apparatus;  ^,  ty  ty  observing 
arcs ;  B  the  firing  battery ;  S  the  barrack  room  for  the  operators  and 
guard  ;  c,  the  cooking  stove ;  a,  the  sink ;  /,  the  fire  place ;  and  d,  the 
opening  for  the  entrance  of  the  multiple  cables  into  the  testing-room. 

Protection  of  the  Mine  Field. — The  mine  field  requires  to  be 
provided  with  a  protection  suflScient  to  ensure  its  immunity  from 
destruction  or  disablement  by  the  enemy,  and  as  operations  for  the 
planting  of  counter  mines,  for  creeping  for  cables,  or  for  sweeping  for 
mines,  could  only  be  conducted  by  means  of  steam  launches,  torpedo 
or  rowing  boats,  the  nature  of  the  protection  would  only  need  to  the 
most  suitable  to  frustrate  an  attack  of  this  nature. 
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Qaick-firing  aod  machine  guns  so  situated  on  shore  as  to  bring 
erenr  point  of  the  mine  lielJ  under  cover  of  their  fire  as  the  fixed 
ilefcuce,  and  torpedo  boats,  or  steam  lauuches,  armed  with  this  class  of 
gun,  and  provided  with  the  electric  light  as  the  offensive  part  of  the 
protection,  should  suffice  to  guarantee  a  submarine  mine  defence 
against  depredations  by  the  enemy. 

Chain  cables  laid  down  alongside  the  main  mine  cables  and  outside 
the  mine  field  would  act  as  an  eS'ectivc  preventive  to  the  picking  up 
ftnd  cutting  of  the  latter  by  the  ordinary  process  of  creeping. 

The  planting  of  dummy  mines  provided  with  an  inverted  grapnel, 
u  shown  in  PI.  XXXIX.,  Fig.  4,  would  enhance  the  difficulties  atteu- 
<]*nt  on  the  operation  of  sweeping  for  the  real  mines. 

Both  these  methods  of  obstruction  would  render  the  task  of 
I'viring  away  a  mine  defence  one  of  considerable  trouble  and 
lifficaJty  even  in  the  absence  of  a  gun  and  guard  boat  protection  for 
tbi'  mine  field. 

For  the  puriMise  of  ascertaining  the  approach  of  hostile  boats, 
I'Uoys  provided  with  a  self-acting  ilare  light  and  connected  together 
'>  nirt^  in  such  manner  that  a  strain  coming  suddenly  on  u  wire 
-ititchvd  to  any  two  of  these  buoys,  as  would  be  caused  on  a  boat 
!;'-*-ting  it,  would  instantly  ignite  their  flare  lights ;  a  number  of 
:ii'-9e  buoys  might  be  laid  down  every  evening  in  advance  of  the 
nine  field,  at  a  known  range  from  the  gun  defence,  so  that  a  heavy 
r"  might  be  poured  on  the  attacking  boat  or  boats  whoso  position 
>  lald  U-  cxpujk'd  by  these  flare  lights,  as  well  tis  by  the  aid  of  the 
Uftms  of  (dectric  lights,  which  could  also  be  directed  to  this  point. 

It  wDold  be  necoBSary  to  pick  up  tliese  buoys  in  the  early  morning, 
and  in  actual  practice  this  detector  arrangement  might  bo  found,  as 
OBdely  put  forth  here,  rather  troubk'some  to  manipulate,  but  it  has 
Ae  elementa  of  utility  in  a  degree  sufficient  to  warrant  it,  or  a  modific<l 
farm  of  it,  being  tried. 

Spfdai  Marins  Defcnees. — In  the  category  of  apeciul  marine 
ddcnces  Are  included  the  passive  ones,  such  as  booms  and  chains,  and 
Ui*  aggressive  ones,  such  as  locomotive  uucoutrolh^d  and  controlled 

In  any  harbour  or  river  not  intended  to  bo  nsed  as  a  harbour 
'.  refuge  passive  obstruction  may  be  employed  to  any  extent  in 
^4lJuni:tio^  with  self-acting  mines,  wi  an  to  render  the  work  of  clearing 
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the  defences  away  so  laborious  and  costly  as  to  practically  prevent  an 
enemy  from  making  use  of  that  place. 

The  Method  of  Planting  a  System  of  Submarine  Mines. — Having  now 
considered  some  of  the  more  important  questions  relating  to  defence 
by  submarine  mines,  the  next  operation  to  be  discussed  is  that  of 
the  actual  work  of  planting  the  mines  and  junction  boxes,  and  the 
laying  out  of  the  main  and  mine  cables. 

In  PL  XLIV.  a  portion  of  the  chart  of  the  place  to  be  defended  as 
a  "harbour  of  refuge"  is  shown  with  the  positions  of  the  mines, 
junction  boxes,  and  of  the  converging  and  main  or  firing  stations 
represented  thereon ;  while  in  PI.  XLV.  the  process  of  planting  the 
system  is  depicted. 

In  PL  XLIV.  the  buoyant  mines  (500  lbs.),  with  separate  circuit 
closer  case,  are  represented  by  the  character  q,  and  each  is  accorded  a 
number  1,  2  ...  15 ;  the  electro-contact  mines  by  the  character  o> 
and  marked  e^  e^  .  .  .  e" ;  and  the  junction  boxes  by  the  character  V> 
marked  J  with  lowest  number  of  the  mine  of  the  group,  each  belongs 
to,  for  the  former  class  of  mine,  as  J^,  «7*,  eP^ ;  while  for  the  junction 
boxes  of  the  latter  kind  the  marks  are  d},  cP,  d?,  A  is  the  main  or 
firing  mine  station,  and  B  the  converging  station ;  r°,  2^,  T*,  repre- 
sent flags  erected  over  the  centre  of  the  converging  telescopes  of  the 
outer,  middle,  and  inner  row  of  mines  respectively ;  a  and  6,  d  and  e, 
f  and  g,  are  the  flags  erected  on  the  alignments  of  the  three  rows  of 
mines  Nos.  1  to  15;  p  is  a  flagstaff  set  up  to  give  the  direction  to 
bo  steered  in  paying  out  the  main  cable  belonging  to  the  junction 
box  tP^.  The  angles  subtended  at  each  mine  of  the  inner  row  by 
the  base  A  T*  are  taken  off  the  chart  and  entered  in  Tables  VI.  and 
VII.,  which  follow.  At  PL  XLIV.,  Fig.  2,  a  section  of  the  position 
of  No.  1  mine  is  shown,  where  M  is  the  500-lb.  mine,  and  C  its 
separate  circuit  closer  case;  the  rise  and  fall  of  spring  tide  in  this 
place  is  supposed  to  be  12  feet ;  the  vertical  destructive  range  of  a 
500-lb.  gun-cotton  mine  is  37  feet ;  the  circuit  closer  case  C  will  be 
20  feet  below  the  surface  at  high-water  spring,  and  submerged  8  feet 
at  low-water  spring. 

Tables  of  particulars  required  in  planting  Mines, —  The  following 
tables  contain  all  the  particulars  necessary  for  planting  a  system  of 
defence  including  different  classes  of  mines  : — 
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The  particulars  for  filling  in  columns  6  in  Table  VL,  7  and  9  in 
Table  VII.,  and  4  in  Table  VilL,  are  obtained  from  the  instructions 
supplied  with  the  submarine  mine  defence  chart  of  the  place.  To  fill 
in  columns  8  in  Table  VI.,  10  in  Table  VH.,  and  6  in  Table  VIIL, 
measure  on  the  chart  the  distance  between  the  junction-box  and  the 
mine,  and  add  one-third  more  to  give  sufficient  slack  for  weighing 
the  junction-box,  and  for  the  sweep  of  the  current  on,  and  sag  of,  the 
cable  in  paying  it  out.  Four  feet  should  usually  be  allowed  for  the 
liitches  in  cutting  the  length  of  the  wire  rope  connecting  the  circuit 
closer  case  to  the  mine. 

To  fill  in  column  2  in  Table  IX.,  measure  on  the  chart  the  distance 
between  the  mine  station  A,  PL  XLIV.,  and  the  junction-box,  and 
allow  one-quarter  more  for  slack. 

Description  of  vessels  used  in  laying  down  Mines. — For  the  purpose 
of  laying  down  a  system  of  mines,  it  is  necessary  to  employ  certain 
vessels,  such  as  lighters  for  carrying  the  mines,  a  steam  tug  to  tow 
them,  twin  screw  steam  boats  specially  built  for  the  work,  or  ordinary 
ship  steam  launches,  for  placing  each  mine  in  position. 

These  lighters  should  be  capable  of  holding  fourteen  500-lb.  com- 
l)iiiation  mines  complete  with  their  connections,  and  they  should  be 
fitted  with  two  derricks  amidships,  one  placed  forward,  and  the  other 
abaft ;  each  derrick  must  be  capable  of  lifting  3  tons. 

For  a  5-cored  multiple  cable,  that  is  where  each  set  consists  of 
5  mines,  the  lighter  should  have  a  capacity  for  either  2  or  3  sets,  that 
is  for  10  or  15  mines  complete,  and  the  latter  size  would  be  preferable 
in  saving  time. 
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The  steam  tug  woaid  be  required  to  tow  these  lighters  into  position, 
and  also  for  laying  out  the  mam  electric  cables  as  well  as  for  planting 
the  electro-contact  mines. 

The  Iwiu  screw  eteani  boats  are  used  to  carry  one  mine  at  a  time 
fmm  the  lighter  and  plant  it, 

Tht^y  should  l>e  fitted  with  a  derrick  in  the  bow  capable  of  lifting 
:>  tons,  an  ordinary  crab  secured  to  the  deck  for  working  the  tackle  of 
the  derrick,  a  roller  in  the  stern,  anfl  one  in  the  stem,  for  fair  leads. 

A  ship's  ordinary  steam  launch  could  be  used  for  the  above  purpose 
in  a  land-locked  harbour  or  in  smooth  water,  but  is  not  suitable  for 
iWing  mines  in  position  in  rough  water. 

Smaller  steamboats  may  be  found  usefiil  for  work  in  connection 
with  making  junctions  between  the  cables. 

Rowing  boats  would  be  required  for  the  purpose  of  placing  the 
bnoTH,  laying  out  tines,  aud  such  like  light  work. 

The  Operation  of  Suot/intf  the  Mine  and  Junetiott-box  Potitions. — 
The  operation  of  planting  a  system  of  mines  consists  of  first  fixing 
ilie  position  of  each  mine  and  junction-box,  by  a  buoy  marked  with 
il.e  uuinber  of  mine,  or  letter  of  the  jimetion-box,  and  then  the 
j'lauling  of  the  mines  and  the  junction-boxes  in  the  places  of  these 
LauyH. 

The  position  of  each  is  determined  by  means  of  the  alignment  of 
tlic  polett  a  b,  at  the  converging  station  B  in  PI,  XLIV.  or  XLV.,  and 
liy  the  angle  subtended  by  the  base  A  B,  which  would  be  given  in 
llic  Tables. 

n'hon  l^ach  buoy  is  dropped,  the  soundings  should  be  taken  as 
ovll  as  tho  state  of  the  tide,  so  as  to  veriiy  the  soundings  given  on 
the  chart 

Laying  oui  the  Main  Electric  Cables. — The  main  (multiple  or  single 
cored)  electrical  cables  an?  laid  by  the  steam  tug,  a  boat  sufficiently 
roomy  having  been  previously  anchored  at  the  buoy  marking  tho 
position  of  the  junction-box  with  it  on  board :  the  shore  end  of  the 
-able  is  landed  at  the  main  station  A,  and  the  tug  proceeds  slowly  in 
the  din^ctiun  of  the  junotton-box  boat  paying  out  the  cable  as  she 
:'oei,  and  on  arriving  there  passes  the  end  into  this  boat ;  this  end  of 
iLb  cable  is  then  connecte<l  up  to  the  junction-box,  and  the  latter  is 
1  into  tho  water  and  buoyed. 
a  boat  be  placed  in  position  at  the  junction-box  buoy,  then  on 
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arriving  close  to  this  buoy  the  end  of  the  cable  would  be  buoyed  and 
slipped. 

The  electric  cable  connecting  the  two  stations  A  and  B  if  sepa- 
rated by  water  is  laid  in  the  same  way. 

Great  care  must  be  taken  to  avoid  bringing  any  undue  strain  on 
the  cable  in  paying  it  out. 

The  end  of  each  core  of  a  multiple  cable  should  be  marked  with 
the  number  of  the  mine  it  is  to  be  connected  up  to,  and  corresponding 
similar  marks  at  the  station  end,  the  continuity  of  each  core  having 
been  previously  tested. 

A  multiple  cable,  owing  to  its  great  weight,  must  always*  be  payed 
off  a  drum :  a  front  and  end  elevation  of  a  drum  for  carrying  ^  knot 
of  7-cored  multiple  cable,  or  1  knot  of  single  cored  cable  is  shown  in 
PL  XL VI. :  each  drum  is  provided  with  a  brake,  and  mounted  on  a 
strong  wooden  platform. 

It  is  very  necessary  to  have  some  telegraphic  communication 
between  those  engaged  in  planting  the  mines  and  those  in  the  main 
station,  and  it  has  been  usual  to  retain  one  core  of  the  7-cored  multiple 
cable  for  this  purpose,  but  it  would  seem  to  be  a  better  plan  to  provide 
a  boat  with  its  own  cable,  which  it  would  pay  out  from  a  drum,  and  the 
necessary  instruments  for  the  express  purpose  of  establishing  tele- 
graphic communication  between  the  mines  and  the  main  station. 

Planting  Mines  Fired  by  Observation. — The  placing  of  observation 
combination  buoyant  mines  in  position  is  carried  out  as  follows : 

A  boat  with  the  junction-box  on  board  and  end  of  cable  connected 
is  anchored  at  each  one  of  the  junction-box  positions,  J\  J®,  J^S 
corresponding  to  the  nimiber  of  sets  of  mines  which  the  lighter  is  to 
carry,  that  is  for  a  15-mine  lighter  three  such  boats,  and  for  a  10-mine 
lighter  two  boats,  would  be  required  to  be  in  position.  The  lighter 
carrying  the  number  of  mines  complete  with  sinker,  circuit-closer  case, 
and  mine  cable,  she  is  capable  of,  is  then  towed  out  by  a  steam  tug 
and  anchored  in  the  most  suitable  position  for  facilitating  the  work  of 
transhipping  the  mines  from  her  and  planting  them  in  their  right 
position.  One  of  the  small  twin  screw  steamers  before  mentioned 
then  proceeds  to  place  the  mines  in  position,  laying  those  in  the  outer 
row  first ;  afterwards  those  of  the  middle  and  inner. 

The  steamer  receives  from  the  lighter  a  mine  and  arranged  in  the 
following  manner : — The  sinker,  or  in  the  case  of  a  ground  mine,  the 
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B  itself  is  bung  from  the  bow  by  a  slip  rope  \oQg  onougb  to  reacb 
B  bottom ;  the  mine  aad  circuit  closer  cose,  or  id  the  case  of  a  ground 
mioe,  the  latter  only,  arc  slung  over  the  side,  the  mine  cable  on  its 
drum  being  placed  in  tbe  stem.  The  miue  is  hung  by  a  hook  spliced 
into  tbe  lowering  rope,  which  by  a  simple  contrivance  automatically 
nobooks  itself  from  the  mine  or  sinker  as  soon  ns  the  latter  reaches 
the  bottom. 

Tbe  steamer  thus  loaded  proceeds  to  the  buoy,  marking  the 
pifsilion  of  the  mine  to  be  planted,  and  when  in  the  right  direction, 
determined  by  the  angle  between  the  two  stations  as  given  in  either 
Table  VI.  or  VII.,  and  the  alignment  of  the  bow  on  the  jwles  at  the 
converging  station,  tbe  mine  is  lowered  to  the  bottom. 

Tbe  bearing  of  tbe  mine  is  at  the  same  time  taken  at  the  firing 
itiun  A,  a  flag  which  is  held  up  at  the  bow  being  dropped  the 
tant  the  mine  is  on  the  ground. 

So  deviation  must  be  permitted,  in  planting  mines  to  be  fired  by 
erration,  from  the  alignment  on  the  converging  station  S  at  the 
lut  of  dropping  the  mine,  as  no  correction  can  be  made  at  S 
■'•^f  deviation  in  this  direction;  if  the  mine  be  dropped  with  an 
i  siigle  between  tbe  stations  the  effect  would  then  only  be  to 
toke  the  intervals  between  the  mines  unequal.  Where  time  permits, 
this  angle  ohoitld  be  correct  as  well  as  the  alignment  before  dropping 
(he  mine. 

The  mine  being  on  the  bottom,  the  ateamt-r  proceeds  to  tlie 
junction  box  boat,  payinglout  the  mine  cable  as  she  goes,  and  on 
Arriving  there  passes  tbe  end  into  the  boat,  where  it  is  tested,  and,  if  the 
(ctit  l*  good,  connected  up  to  the  core  of  the  maiu  cable  bearing  tbe 
Bomber  of  tbe  mine.  The  other  mines  of  the  group  are  planted  in  a 
■imilur  manner.  ^Vhun  all  the  junctions  of  the  mine  cables  have 
bii5U  m»d**  to  the  main  cable  the  junction  box  is  closed,  buoyed,  and 
luwt-n^i  to  tbe  bottom. 

Two  iteamera  may  bo  used  to  plant  the  mines,  one  placing  its 
mim*  in  position,  at  the  time  that  the  other  steamer  is  proceeding  to 
ibn  junction  boat  with  the  cable  of  the  mine  it  has  planted. 

Fl.  X  L V.  repre-sents  a  sketch  of  the  process  of  laying  down  a  aystem 
of  obwrrvatiun  mines. 

8  is  the  junction  boat  for  the  groups  of  mines  in  the  outer 
rov,  Nos.  1  to  5,  of  which  No.  I  mine  bos  been  planted ;  S*  is  the 
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steamer  proceeding  from  the  mine  No.  1  to  its  junction  boat  atiS; 
w  is  the  mine  cable;  TP  is  the  main  cable  of  that  group;  S^  is 
the  steam  tug  laying  out  the  main  cable,  W^  for  the  group  of  mines 
Nos.  6  to  10 ;  Xr  is  the  mine  lighter ;  x  the  angle  subtended  at  No.  1 
mine  by  the  base  A  T^^a  and  h  are  the  alignment  poles  of  the  row 
T'c. 

Planting  Electro-Contact  Mines,  —  The  mines  to  be  fired  by 
observation  having  been  placed  in  position,  the  operation  of  planting 
the  electro-contact  mines  is  then  proceeded  with. 

As  the  electric  cables  of  these  mines  are  brought  to  a  single 
junction  box  for  each  group,  as  shown  at  PI.  XLVII.,  the  process  is 
similar  to  that  described  for  observation  mines,  but  is  more  rapidly 
and  easily  performed,  because  the  mines  and  main  cables  are  lighter 
and  of  less  bulk,  and  also  because  the  same  degree  of  exactitude  in 
placing  them  in  their  positions  is  not  required,  as  in  the  case  of  mines 
fired  by  observation. 

Other  plans  for  planting  a  system  of  submarine  mines  have  been 
devised  and  used,  but  most  of  them  have  required  special  local 
features  of  the  place  where  they  are  to  be  used  to  enable  them  to  be 
executed,  while  the  foregoing  plan  has  been  found  to  be  the  most 
suitable  under  all  ordinary  conditions. 

Description  of  a  General  Sketch  of  the  Submarine  Defence  of  the 
Entrance  to  a  Harbmir.^— PI.  XLVII.  represents  a  defence  of  the  mouth 
of  a  harbour  by  means  of  controlled  submarine  mines,  thirty  being  com- 
bination mines  arranged  to  be  fired  by  observation  and  by  contact,  and 
twenty-four  being  electro-contact  ones,  showing  a  mode  of  protecting 
the  electric  cables  and  the  mines  against  attempts  of  the  enemy  to 
disable  them  by  creeping  and  sweeping,  by  means  of  dummies  provided 
with  inverted  creepers  and  chain  cables.  Six  multiple  5-cored  electric 
cables  would  be  required  for  the  combination  mines,  and  six  single- 
core  electric  cables  for  the  electro-contact  mines,  supposing  only 
four  mines  to  each  junction  box  in  the  latter  case.  A  is  the  main  or 
firing  station:  Bthe  converging  station,  where  T^,  T^,  P,  are  the  con- 
verging telescopes  for  the  outer,  middle,  and  inner  rows  respectively : 
W,  the  four-cored  station  connecting  cable,  three  cores  being  used  for 
firing  the  mines,  and  the  remaining  core  for  telegraph  purposes ;  C,  (7, 
chain  cables  to  protect  the  mines  from  sweeping ;  E,  Ey  the  electro- 
contact  mines ;  and  x,  x,  dummy  mines  with  inverted  creepers. 
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QENERAL  REMARKS.— Ihxs  section  will  be  devoted  to  the  con- 
sideration of  the  torpedo  in  its  many  forms,  that  is  to  say,  of 
uiiY  case  of  explosive  which,  hy  8ome  means  or  other,  is  provided 
»ilh  the  power  of  aggression  either  on  or  below  the  surface,  and  which 
'  |iritnarily  intended  for  the  pnrposes  of  oHence. 

-Vt  the  present  time  there  are  before  the  world  a  multitude  of 
iu?uiition8  of  different  kinds  of  torpedoes,  and  of  modifications  of 
mwoae  or  other  type,  of  which  only  a  few  have  received  regnlar  adop- 
ta;  some  hare  failed  to  realiso  the  expectations  of  their  originators 
nder  the  crucial  test  of  official  trials;  others  are  but  just  emerging 
fan  the  difficulties  inherent  to  a  realisation  in  actual  practicu  of  a 
Aaqrctieal  conception,  while  mine  exist  only  on  paper. 

It  would  bo  quite  beyond  the  scope  of  a  work  of  this  nature  to 
iltempt  to  describe  even  a  tithe  of  these  inventions,  and  therelbro  the 
■urk  of  description  at  length  will  be  restricted  to  those  torpedoes 
'iiich  are  in  use  at  the  present  time,  with  the  addition  of  a  bticfw 
''uiderstion  of  a  few  others  which  appear  to  possess  the  uecMaMy  ' 
a  successful  application  in  actual  practice. 
wr  Application  of  the  Torpedo   rtUl  unknown. — A  quarter 
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First  Defect  considered. — ^The  first  defect,  the  most  serious  one  of 
the  three,  is  inherent  in  every  uncontrolled  torpedo,  because  there 
exists  no  power  which  can  be  automatically  applied  to  such  a  weapon 
so  as  to  provide  it  with  the  means  whereby  to  alter  the  course  it  is  set 
to  run  on  after  once  it  has  been  started  on  its  way,  either  for  the 
purposes  of  correcting  a  mistake  in  calculating  the  speed  of  the  hostile 
ship  aimed  at  when  it  is  moving  across  the  range,  or  of  the  distance  of 
this  vessel,  or  of  meeting  any  sudden  alteration  in  the  direction  of 
this  vessel  after  the  torpedo  has  been  discharged,  or  in  the  event 
of  misjudging  the  effect  of  a  current,  or  of  the  sea,  on  the  course  of 
the  torpedo. 

Any  error  in  these  calculations,  or  rather  experienced  guesses,  may 
result,  and  often  has  resulted,  in  the  absolute  failure  of  the  attack 
by  a  mis-shot. 

In  the  case  of  an  anchored  target  this  defect  may  be  minimised  in 
proportion  to  the  speed  of  the  torpedo,  and  the  shortness  of  the  range, 
provided  that  the  course  of  the  torpedo  be  not  disturbed  at  the  moment 
of  its  starting  on  its  run  when  fired  from  a  vessel  in  motion ;  which 
latter  is  a  cause  of  inaccuracy  not  yet  eradicated  in  the  "  Fish  "  class, 
when  discharged  either  from  submerged  bow,  stem,  or  broadside  tubes, 
or  from  a  gun  above  the  water. 

In  accuracy  of  flight  the  uncontrollable  torpedo  compares  very 
unfavourably  with  a  projectile  fired  from  a  rifled  gun,  because  the 
former  lacks  the  great  speed  and  rotation  of  the  latter,  and  is  besides 
subjected  to  more  serious  causes  of  inaccuracy;  whilst  the  medium 
(water)  through  which  the  torpedo  is  propelled  is  so  much  more  dense 
than  that  (air)  through  which  the  projectile  takes  its  flight ;  so  that 
the  chances  of  a  successful  shot  with  the  former  is  less  than  in  the 
case  of  the  latter. 

Second  Defect  considered. — The  second  defect  is  caused  by  the 
difficulty  that  exists  of  knowing  with  any  degree  of  certainty  whether 
the  automatic  mechanism  has  acted  by  which  all  uncontrollable  torpe- 
does are  arranged  to  be  either  sunk  and  rendered  inactive,  or  exploded 
at  will,  when  it  reaches  the  end  of  the  distance  it  has  been  set  to  run ; 
for,  in  the  event  of  its  missing  the  object  aimed  at,  should  the 
mechanism  fail,  the  torpedo  then  becomes  a  floating  charge  of  ex- 
plosive as  dangerous  to  friend  as  to  foe,  and  whose  whereabouts  are 
unknown. 


That  this  ia  no  ideal  defect  is  proved  by  the  fact  that  a  number  of 
Kh  weapons  (^Vhitehe&ds)  have  been  lost  in  practice  by  their  sinking 
t  thv  bottom  at  the  end  of  the  run,  instead  of  floating  to  the  surface, 
i  preTionsly  tttraoged  for,  and  therefore  the  opposite  might  occur  on 
1  aerrice. 
Third  Defect  eonaidered. — The  third  defect  is  a  very  possible  one 
An  certain  circamstanccs,  as  for  instance,  in  a  fleet  engagement 
where,  in  the  excitement  of  the  action,  and  consequent  on  the  heavy 
ill  of  smoke  that  will  usually  hang  over  tlie  scene  of  the  combat> 
tma;  at  timua  Iw  a  matter  of  cunsidemble  ditliculty  to  distinguish 
■on  a  friend  and  foe,  and  as  little  time  will  be  afforded  for  hesi- 
wben  an  opportunity  does  present  itself  for  the  uso  of  an  unoon- 
InBabU  Uirpedu,  where  a  doubt  as  to  identity  exists,  the  chance  of  a 
sbat  must  either  be  missed,  or  be  taken  with  all  the  risks  utteudant 
on  making  a  target  of  a  friend. 

Both  of  the  latter  defects,  common  to  all  torpedoes  of  this  group, 
will   moat   anquestionably  tend   to  limit   their   application   as  ship 

enu  In  naval  actions. 
A  fnfjfrtile  torpedo  ia  a  case  of  explosive  projected  through  the 
*r  bom  a  submarine  gun. 

Thoagb  miarly  three  quarters  of  a  century  have  e]a])scd  since 
Fulton's  cxpennicnts  in  1814  with  this  form  of  submarine  weapon, 
and  thiHigli  'luring  this  period  many  other  inventors  have  taken  up 
thia  idea,  yet  the  projectile  torpedo  seems  as  far  off  as  ever  from 
achieving  a  practical  ntility. 

Bariy  Erperimenit. — In  1814,  Fulton  succeeiled  with  his  submarine 
-nil  in  pcnetTnting  a  wooden  ship's  bottom  at  a  distance  of  15  feet ; 
111  HngUnd,  in  1664,  a  Whitworlh  24-pi]under  submarine  gun  pene- 
mti^d  a  10-inch  mxnl  target  at  a  distance  of  38  feet;  in  America,  in 
18S1,  >lric»on  with  a  projectile  torpedo  of  1500  lbs.  weight  fuiltil  on 
ittii  uecaaioDs  in  striking  a  target  25  feet  by  I!  feet  at  a  distance  of 
^•*h  feet,  the  projectile  in  each  instance  found  the  bottom  in  15  feet  of 
•  ater,  the  goti  being  submerged  7  feet ;  this  same  invention  eame  to 
^rief  wben  tried  in  England  in  1880,  by  the  prcuiatun^  explosion  of 
.  tA  projectile  in  the  boro  of  the  gun. 


A.  Projectile  Torpedoe 
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The  Projectile  v.  The  Spar  Torpedo. — The  adherents  of  the  sub- 
marine gun  claim  that  it  is  superior  to  the  spar  torpedo  as  a  means  of 
offence,  Ijecause,  though  its  range  is  very  limited,  it  can  be  made  to 
strike  a  ship  at  a  distance,  while  the  latter  has  practically  no  range 
whatever ;  further,  the  projectile  toq>edo  cannot  be  stopped  by  nets  of 
any  form,  and  in  this  particular  it  has  certainly  an  advantage  over  the 
npar  torpedo.  As  regards  the  question  of  range  alone,  it  would  not 
seem  to  matter  whether  a  torpedo  vessel  armed  with  the  spar  has  to 
go  right  up  to  the  ship,  or  whether,  with  the  submarine  gun,  it  has  the 
]>ower  of  delivering  its  attack  at  some  50  yards  distance ;  in  other 
words,  if  such  a  vessel  succeeds  in  arriving  at  this  short  distance  from 
the  ship  to  be  destroyed,  without  itself  being  destroyed,  the  chances  are 
that  she  will  be  able  to  rush  the  last  50  yards  in  safety ;  when  the  spar 
torpedo  will  prove  a  surer  means  of  destruction  than  the  submarine 
gun  at  a  range  of  150  feet,  provided  that  the  ship  be  defended  by  her 
guns  alone. 

The  submarine  gun  labours  under  a  great  disadvantage  as  a  means 
of  ship  offence,  because  of  the  diflSculty  of  ensuring  the  gun  being 
perfectly  level  at  the  moment  of  its  being  fired  when  the  vessel  has 
the  slightest  pitching  motion,  and  if  the  gun  be  fired  at  an  angle 
its  accuracy  is  seriously  affected. 

The  question  of  spar  v.  projectile  torpedo  resolves  itself  into  a  very 
simple  matter,  viz.  whether  cither  are  needed  in  these  days  of  White- 
Jiead  torpedoes,  and  if  there  are  certain  phases  of  war  in  which  it  may 
bo  thought  a  needless  expenditure  of  money  to  use  the  Whitehead, 
then  the  simplicity  and  cheapness  of  the  spar  torpedo  are  strong 
reasons  for  preferring  it  to  the  projectile  torpedo. 

.  Of  course  if  it  be  ever  possible  to  bring  the  range  of  accuracy  of 
the  submarine  gun  up  to  that  of  the  Wliitehead,  say  300  yards,  it  will 
then  become  a  formidable  rival  of  the  latter,  owing  to  its  capability  of 
penetrating  any  known  form  of  ship  defence. 

Ericsson's  Svhmarine  Chin. — The  submarine  gun  devised  by  Captain 
John  Ericsson  will  be  briefly  described,  as  being  the  one  most  recently 
experimented  with  both  in  the  United  States  and  England. 

The  gun : — A  breechloading  smooth  bore,  with  muzzle  firmly 
secured  to  the  bow  seven  feet  below  the  surface,  and  made  effec- 
tively water-tight ;  an  exterior  valve  closes  the  muzzle  and  prevents 
the  ingress  of  water  before  and  during  the  process  of  loading,  and  is 
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")>encd  and  abut  by  an  elbow  lever  aad  &  rod  passing  througb  a 
itufling  box ;  a  temporary  valve  is  plai.-ed  inside  tbe  bore  close  to  the 
f(trm«r  one,  and  is  pushed  into  its  place  from  the  rear,  and  hold  there 
by  a  spring  catch;  this  valve  is  iutended  to  be  shot  anny  at  each 
•charge,  uud  it  bus  a  central  hole  closed  with  soft  material,  against 
id)  the  firing  pin  of  the  torpedo  strikes ;  the  projeettle  occupies  tbe 
*ter  i»art  of  the  Um-^th  of  the  gun,  only  a  small  spiice  in  tbe  rear 
ing  left  for  u  pietou  and  fur  the  powder  charge. 
'ITie  |)rojeclilo : — The  projectile  or  torpedo  is  bnilt  of  steel  25^  foot 
,  16  inches  in  diameter,  and  weighs  some  1500  lbs.,  including  a 
i-\b,  charge ;  its  form  is  cyliudricul  iu  the  middle  with  long  pointed 

;  four  mdtal  wings  are  littcd  to  the  tail  to  centre  it  iu  the  gun. 
The  disastrous  ending  of  the  British  e.\iJorimenta  with  this  inven- 
j  attributed  to  the  use  of  a  detonator  not  of  tbe  inventor's 
Ipplyiog ;  but  though  it  was  admitted  by  the  British  authorities  that 
m  (IcUye'd  action  fuze  might  be  used,  further  trials  were  declined. 

This  anbmarine  gun  is  intended  to  be  mounted  in  a  ship  specially 
denied  for  fighting  bows  on  at  close  quarters,  and  a  vessel  called  the 
•*  Ikrtroyer  "  was  built  by  Ericsson  for  this  purpose,  which  has  been 
d'jscribed  and  illustrated  in  the  previous  edition  of  tliis  work, 

ThtKnrtital  CondUiona  of  a  Perfed  Projeaile  torpedo.— The  theo- 
r«tieal  conditiooa  for  an  effective  projeetiU  torpedo  as  stated  by  Coni- 
nuuider  F.  31.  Barber,  U.S,X.,  are  brioily — total  weight  to  bo  equal  to 
displacement,  centre  of  gravity  coinciding  with  centre  of  figure,  large 
diameter,  and  great  proportionate  length  with  considerable  taper  at 
'M"  pxtromities,  and  lastly,  rotation  in  the  water ;  with  the  exception 
\  the  letter,  all  these  conditions  were  practically  fidfilled  by  Ericsson's 
■eapon. 

B.  Rocket  Torpedovs. 

DtJuUtum. — This  class  iuelndes  at)  those  wicoiUrdlalle  tor[>ediX's 
•liieh  are  proftelled  by  the  aid  of  rockets,  or  some  form  of  roc^ket 
nimpfwtlion.  This  idea  of  propelling  a  nx.-ket  torpedo  on  or  Iwlow  the 
•urface  of  the  water  U  a  very  old  one,  datlug  even  further  liack  than 
in  thi>  ewe  of  tbe  submarine  gun,  but  Iratb  have  a  common  basis  of 
■unUarity,  in  that  neither  of  tlicm  have  so  far  achieved  a  practical  or 
'-n  |uTtiul  siHfeM. 
''-ii,ii,i.iin^j-  I><irhar\  VJi^.,  Opiuione. — Commauder Barber,  U.8.Kt 
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in  a  kcnxre  on  mormble  tofpedocs  deliTeicd  Bome  fomtieen  yeais  since, 
ooDclodes  witii  the  f*>Uf>winz  remarks  : 

^  In  erjDcIi2§i*>o,  it  maj  be  obeerred  tluU  whether  the  methods  as  yet 
proposiefl  f«>r  s*>lTing  the  Tarioiis  problems  cminected  with  snbmarinc 
gons  and  rrx-kets  be  feaaUe  or  otherwise,  it  seems  probable  that  they 
can  he  soiled,  and  that  separately  or  together  they  may  eventually 
[tfodoce  remarkable  resolts." 

This  prophecy  has  not  bowerer  yet  been  fulfilled,  though  a  further 
fourteen  years  of  experiments  with  both  of  these  weapons  have  been 
carried  out. 

The  High  Power  oitainMe  with  Botkei  Compomtion, — The  use  of 
rocket  composition  as  the  propelling  agent  of  a  torpedo  has  always 
been  a  fascinating  subject  with  inrentors,  because  by  means  of  it  the 
greatest  power  possible  can  be  obtained,  and  thus  yery  high  speeds 
attained  with  the  torpedo.  For  instance,  Mr.  Quick,  B.N.,  states  that 
a  24-inch  roekH  torpedo  can  be  constructed  to  exert  a  propelling 
energy  for  eighteen  seconds  of  3100  I.H.P.,  a  15-inch  torpedo  of 
1360  I.HR,  and  a  12-inch  torpedo  of  760  I^flJ*. ;  while  the  latest 
pattern  of  the  Whitehead  exerts  a  propelling  energy  of  only  some 
27  LH.R 

The  Weeks  rociet  torpedo,  about  to  be  described,  realised  a  speed 
of  some  45  miles  per  hour  during  a  portion  of  its  official  run,  which, 
now  that  high  speed  has  become  a  mania  with  naval  men  generally, 
may  possibly  be  a  sufficient  inducement  to  inventors  to  prosecute  a 
further  search  for  a  reliable  weapon  of  this  class. 

Main  Defect  of  Rociet  Torpedoes. — But  it  is  from  the  entire 
absence  of  this  quality  of  reliability,  either  in  the  matter  of  direc- 
tion, speed,  range,  or  in  the  action  of  the  motive  power,  that  the 
rocket  torpedo  has  hitherto  so  completely  failed  to  establish  itself 
as  a  practical  weapon  of  oflfence,  and  the  summing  up  of  the  U.S. 
torpedo  Board  as  to  the  merits  of  the  most  recently  tried  rocket 
torpedo  (Weeks)  exhibits  most  conspicuously  this  apparently  in- 
herent defect  of  such  weapons,  viz.  want  of  reliability.  This  Board 
reported  as  follows : 

Report  on  Trials  ivith  Weeks  Torpedo, — 1st.  The  torpedo  possesses 
the  advantages  of  simplicity,  cheapness,  and  speed. 

2nd.  It  is  fatally  defective  in  accuracy. 

3rd.  Its  speed,  at  all  times  great,  is  very  variable  (23  to  45  knots). 
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4th.  lU  tnoge  is  iiisufficieut  and  ver^  variable  (300  to  6:^5  feet  for 
Pringte  nxiket). 

In  octu&l  semce,  it  has  been  found  impoEsible  to  dejiend  on  tbe 

I  tegnlor  aetiou  of  tbe  composition,  nfter  long  Btonige,  and  in  variablo 

^elimMti-s,  und  us  is  well  known,  innuinerablo  instances  are  on  record 

r  ihv  pri'nmtiiro  bursting  of  rockets  in  practice  either  iired  above, 

■  under  tho  water;    whUat  they  are  generally  noted  for  their 

c«Mitric  bohavtuur.     Of  course  it  is  no  reason  because  a  particular 

'  torpedo  invention  has  failed  that  a  practical  solution  of  this 

I  is  not  possible,  but  each  succeeding  experiment,  siuce  its  tirst 

ne  one   hundred   and   fifty   years   ago,  ouly  seems   to 

I  the  /act  that  vhetlier  or  not  it  m  solealie,  this  problem  of  con- 

wtnutim/  a   reliaUe   rocket  torpedo  is   surrouiuled  with  di^idtiea.  oii 

mAiVA  np  to  the  present  time  little  or  no  impnssion  has  betin  made  by  all 

IM*  teyion  of  inventors  and  exptrimealors  who  have  taken  this  subject  in 


The   Weeh  liocket  Torpedo. — This  invention  has  been  chosen  for 

m,  not  liecaiise  it  is  the  moat  perfect  one  cxtuut  (though  it 

wX  but  OS  representing  the  latest  t)-pe  that  has  been  submitted 

I  emcial  test  of  a  committee  of  naval  officers  well  versed  iu 

torpeilo  matters.     In  the  chapter  dealing  wirh  ControUaUe,  torpedoes, 

[MTtirulurs  will  bo  given  nf  the  Berdan  method  of  propulsion  by  rockets. 

The   Weeka  torpedo,  as  exjierimented  with   in  the  U.  S.  iu  1884, 

«Ks  constructed  of  heavy  tin  plate,  strengthened  and  stiffened  with 

wmh)  ;  it  was  of  triangular  cross  section,  with  the  apex  down,  so  that 

ibc  ratio  of  displacement  would  decrease  rapidly  with  tho  decrcaso 

u(  immersion  due  to  the  burning  of  the  composition.     Tho  torpedo 

WM  completely  deekeil  over  and  made  water-tight.     Two  fixed  puruUel 

Vuutlru  l»il  pieces,  *>t  steering  rods  nith  small  fixed  ruddoni  extended 

\  mAKTO,  for  the  pur{M)8e  of  assisting  the  toqiedo  to  keep  a  straight 

■V,  oitd  also  by  its  wnigbt,  when  lifted  out  of  tho  water,  to  coun- 

!l  aay  leudency  of  the  weapon  to  bury  its  bows.     The  I'xplosiro 

\  chunber,  ioteixled  to  hold  7>'i  lbs.  of  dynamite,  extended  aft  from  the 

I  llov  aboot  one-fourth  of  the  whole  length  ;  and  in  tho  bow  was  an  air 

I  ehamlier  U)  lift  Ihc  b»w  iu  the  event  of  any  tendency  to  dive. 

The  n>ckeU  use*]  fur  propelling  the  tori>edoes  were  iMich  G  inches  in 
I  dimmctor.  3(  feet  lung,  and  woighe<l,  inclusive  of  the  iron  cose,  110  Iba. 
iVmuigoinvntii  were  made  in  the  larger  modchi  for  two  rockets  to 
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be  used,  the  second  one  to  be  ignited  after  the  first  one  has  done  its 
work,  by  the  flame  of  the  latter  through  a  bent  copper  tube. 

The  rockets  were  bored  out  through  nearly  their  whole  length,  in 
a  line  parallel  to,  but  at  one  side  of  the  central  axis.  The  object  of 
this  boring  is  to  secure  a  uniform  burning  surface,  and  consequently  a 
uniform  pressure.  The  burning  surface  increases  until  the  iron  case 
is  reached,  then,  while  the  radius  of  the  burning  surface  increases, 
more  iron  is  exposed,  and  a  decreasing  portion  of  the  cylinder  is  of 
rocket  composition ;  in  other  words  the  cross  section  of  the  burning 
surface  is  a  circle  at  the  commencement,  and  so  continues  until  the 
iron  case  is  reached,  when  it  ceases  to  be  a  complete  circle ;  as  the 
radius  increases  the  arc  of  the  circle  (angular)  decreases. 

The  torpedo  was  intended  to  be  fired  by  percussion,  but  the  only 
trials  made  were  instituted  to  ascertain  its  speed  and  accuracy. 

Five  torpedoes  were  submitted  by  Mr.  Weeks,  and  thirteen  runs 
were  made  with  them  by  the  Board  of  torpedo  oflScers,  the  results  of 
which,  and  the  dimensions  of  four  of  these  weapons  are  given  in  the 
following  tables ;  the  dimensions  of  the  fifth  torpedo  is  not  given,  but 
it  is  said  to  have  dififered  but  slightly  from  the  other  four. 

Table  X. 


Type. 

ToUl  Length. 

Width. 

Depth. 

Weight. 

A. 

feet. 
33 

Inches. 
9 

inches. 
12 

11)8. 

426 

B. 

28 

12 

11 

401 

C. 

37 

12 

11 

529 

D. 

27i 

11 

18 

597 

E. 

•  • 

•  • 

•  ■ 

•  • 

Rocket 

3i 

C  inches  diameter. 

1 

110 

Weight  of  launching  apparatus  used  was  560  lbs. ;  which  consisted 
of  davits  arranged  to  swing  the  torpedo  out  clear  of  the  side  of  the 
vessel  from  which  it  was  manipulated. 

The  rocket  was  ignited  by  means  of  a  Farmer  magneto-machine, 
and  usually  burnt  about  one  second  before  the  torpedo  actually 
started  on  its  run. 
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Di.. 

H«u 

Tfp«. 

Raafe. 

a^ 

Bflmrka. 

itu. 

fMC 

knots. 

lUySl. 

1 

•  • 

470 

45 

GftTB  off  clouds  of  smoke  at  starting— sheered 
broadly  to  starboard. 

*•      *• 

2 

D. 

825 

45 

Two  Bocketa— one  abore  the  other— etraight 
\    course. 

If      *• 

3 

•  • 

500 

43 

Sheered  to  port 

«     23. 

4 

C. 

300 

.  • 

(Sheered  broadly  to  starboard— eurre  to  lee- 
ward. 

1 

Only  one  rocket  in  lower  space.     Missed 

n      2<5. 

5 

D. 

300 

•• 

tMset  by  some  250  feet  to  starboard — ^vessel 
under  weigh— speed  10  knots. 
Torpedo  took  a  sheer  to  lee?rard  at  first,  then 

.     27. 

6 

»   •• 

425 

•  • 

nmk  sheer  to  windward.     Vessel  under 
weigh — speed  10  knots. 

f*           f« 

7 

D. 

625 

34-5 

One  rocket    Rank  sheer  to  starboard. 

8 

D. 

480 

321 

(Fairly  straight  for  half  its  run,  then  rank 
\    lE^eer  to  starboard— one  roeket 

W           f» 

Jane  24. 

9 

E. 

385 

28-8 

Sheer  to  port— angle  of  30^. 

Straight  for  200  feet,  then  sheer  of  30°  to  port 

»»     t» 

10 

E. 

440 

28-8 

••     •• 

11 

B. 

400 

.  • 

Sinuous  course — resultant  straight 

,.    28. 

12 

•  • 

450 

•  • 

Sheer  of  20^  to  port 

«•       n 

13 

•• 

500 

•  • 

Sheer  of  20°  to  port 

Mr.  Weeks  has  recently  altered  the  shape  of  his  torpedo,  devised 
a  new  launching  arrangement,  and  arranged  his  magazine  to  drop  on 
fontact,  and  explode  at  any  required  distance  beneath  the  surface. 

In  England  experiments  have  been  made  from  time  to  time  to 
propel  a  fish  torpedo  by  means  of  rockets,  but  the  results  have  not 
been  very  satisfiactory. 


C.  Drifting  Torpedoes. 

Definitum. — ^This  class  includes  all  those  torpedoes  which  are 
caused  to  be  carried  or  drifted  to  the  attack  by  the  action  of  the 
eurrent  or  tide. 

Early  HiHory, — The  utilisation  of  this  force  of  nature  for  this 
porpoee  forms  the  earliest  record  of  the  employment  of  what  is  now 
termed  a  torpedo,  t.6.,  a  case  of  explosive  possessing  the  j>ower  of 
>ggre«ion,  when  in  1585  an  Italian  engineer,  named  Zumbolli,  in- 
vented a  floating  mine,  and  succeeded  in  destroying  a  bridge  built 
0T«  the  Scheldt  by  the  Prince  of  Parma.  Zambelli's  mine  consisted 
of  a  flat  boat  filled  with  gunpowder  arranged  in  it  so  as  to  secure  its 
Biiimiun  efiectiveness,  and  provided  with  a  long  sulphur  mat<»h  rope 
«k1  dock  work  for  its  ignition. 
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The  Drifting  Torpedo  rarely  used  now. — Drifting  torpedoes  of  some 
form  or  other  were  originally  used  to  a  considerable  extent,  bnt  of  late 
years  little  or  no  attention  has  been  paid  to  them,  probably  owing  to 
their  having  failed  to  achieve  any  success  in  the  destruction  of  ships, 
and  also  because  of  the  great  strides  that  have  been  made  during  the 
last  twenty  years  in  the  development  of  more  e£Bcient  weapons  for 
submarine  offensive  operations. 

A  torpedo  of  this  class  may  be  readily  constructed,  and  thus  lends 
itself  to  extempore  work,  therefore  occasions  may  occur  when,  in  the 
absence  of  proper  weapons,  such  as  the  iS^r,  Whiieheady  or  the 
Controlled  Torpedo,  even  the  despised  drifting  torpedo  will  be  found, 
at  least,  better  than  none. 

Drifting  Torpedoes  easily  guarded  against. — Drifting  torpedoes  have 
one  fatal  defect,  in  that  they  can  be  readily  stopped  by  booms,  or  nets, 
in  fact  a  ship's  net  defence  renders  her  absolutely  impervious  to  an 
attack  of  such  a  nature. 

•  The  usual  type  of  drifting  torpedo  can  be  brought  up  and  prema- 
turely exploded  by  a  floating  boom ;  but  there  is  one  invented  many 
years  ago  by  Lieut.  Lewis,  R.E.,  which  cannot  be  stopped  in  this 
manner,  provided  that  its  mechanism  acts  properly,  but  is  however 
unable  to  overcome  such  an  obstruction  as  a  ship's  torpedo  net. 

Tlie  Bussiere  Drifting  Torjyedo. — In  the  Franco-German  War  (1870), 
Captain  Bussiere,  of  the  French  Engineers,  invented  a  torpedo,  which 
should  be  drifted  along  the  bottom  of  a  river  by  the  action  of  the 
current ;  its  construction  was  based  upon  the  principle  that  a  spherical 
body  of  a  weight  very  little  greater  than  water,  and  having  its  centre 
of  gravity  coincident  with  its  centre  of  figure,  if  placed  in  the  bed  of  a 
river  will,  from  its  weight  and  shape,  always  seek  the  deepest  part  of 
the  river,  that  is  the  bed  of  the  channel,  where  there  are  the  fewest 
obstructions  and  the  swiftest  and  most  uniform  velocity  of  current. 
This  invention  was  expressly  devised  for  the  destruction  of  a  bridge 
at  Verdun,  thrown  across  the  Maine  by  the  Germans,  but  was  never 
used  ;  it  would  escape  boom  obstructions,  but  could  be  easily  caught 
iu  a  net,  while  the  principle  of  its  action  seeking  the  deepest  parts 
would  seem  to  ensure  its  passing  under  a  ship's  bottom,  unless  she 
were  aground. 

Unreliability  of  Drifting  Torpedoes. — Drifting  torpedoes  must 
always  bo  more  or  less  erratic  in  their  course,  owing  to  the  variable 
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nature  of  their  means  of  progression,  and  no  dependence  can  be  placed 
on  their  action,  bat  where  they  can  be  employed  in  great  numbers, 
some  might  succeed  in  causing  considerable  annoyance  and  alarm,  if 
not  actually  successful  in  exploding  in  contact  with  a  ship. 

Instances  of  the  Utility  of  the  Drifting  Torpedo. — There  is  one 
phase  of  war  where  this  class  of  torpedo  might  be  of  great  use  as  a 
deterrent,  viz.  in  the  case  of  a  large  body  of  the  enemy  attempting 
the  passage  of  a  river  in  open  boats  on  a  dark  night ;  here  the  constant 
explosion  of  such  weapons  ignited  either  by  contact  with  the  boats,  or 
by  automatic  clock  mechanism,  in  their  vicinity,  would  probably 
result  in  a  considerable  loss,  and  at  least  create  a  serious  panic. 

The  crossing  of  the  Danube  in  1877  by  the  Russians  is  a  case  in 
point ;  here  was  to  be  seen  a  large  number  of  open  boats  of  different 
sizes,  literally  crowded  with  soldiers,  slowly  moving  across  a  broad 
swift  running  river  on  a  dark  gloomy  night,  and  here,  if  ever  there 
has  been  one,  was  an  opportunity  for  employing  drifting  torpedoes, 
even  of  the  most  crude  kind,  but  the  Turks  failed  to  avail  themselves 
of  this  chance. 

Torpedoes  of  this  class  arranged  to  be  ignited  by  clock  work  or 
other  means  a  certain  time  after  being  launched,  and  capable  of  sus* 
{lending  themselves  at  a  fixed  depth  below  the  surface  might,  as 
suggested  by  Lieut.  Barber,  U.S.N.,  be  effective  if  thrown  overboard 
from  the  stem  of  a  vessel  hotly  pursued  by  another,  and  though  not 
drifting  torpedoes  in  the  sense  of  being  drifted  to  the  attack,  yet  they 
come  under  this  category,  as  when  once  thrown  overboanl  they  an; 
adrift. 
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CHAPTER  IL 
Uncontrollable  Tobpedoes — continued. 
Auto-Mobile—"  WniTEHEAD  "— "  Schwartzkopff. 
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].  Definition — 2.  Reference  to  ClaflsB. — 3.  Generic  name — i.  The  forcmimer  of  fish  tor- 
pedoes— 5.  ITic  success  of  the  Whitehead  torpedo— 6.  Difficulty  of  imitation — 7.  With- 
out a  rival — 8.  Other  forms  of  Whitehead— 9.  Failure  of  attempts  to  imitate — 10. 
Remarks  ahout  the  SchwartzkopiT  torpedo — 11.  History  of  the  Whitehead — 12.  The 
Austrian  original  trials — 13.  Result  of  Austrian  trials — 14.  Original  trials  in  England 
— 15.  Rapid  development — 16.  Description  of  tlie  Whitehead — 17.  Firing  apparatus — 
18.  The  Balance,  or  secret  chamber— 19.  The  Balance— 20.  The  Pendnlum— 21.  The 
air  reservoir— 22.  The  Servo-motor — 23.  Propelling  engines — 24.  Sinking  valve — 25. 
Lubricating  box — 20.  Starting  and  injection  valves — 27.  Bevel-wheel  chamber — 28. 
After  section — 29.  Bevel-wheel  mechanism — 30.  Length  of  run  adjusting  mechanism 
— 31.  Horizontal  rudders — 32.  Vertical  rudders — 33.  Capabilities  of  the  Whitehead — 
3i.  Methods  of  using  the  Whitehead — 35.  Above- water  projection — 36.  Projection  from 
8!ibmcrj?ed  tubes — 37.  Com pii  risen  of  above  and  below-water  discharge — 38.  Brother- 
hood's launching  tubes — 39.  Canet's  system  of  discharging  the  Whitehead — 40.  De- 
scription of  Canet  mechanism — 41.  Description  of  Canet  Tube-mounting — 42.  Defence 
of  channels  by  the  Whitehead— 43.  The  advantages  of  the  Canet  system — 44.  Yarrow's 
double  tube  discharge — 45.  Inaccuracies  in  practice — 40.  Torpedo  director — 47.  The 
Whitehead-Schwartzkopff  torpedo — iS.  Brotherhood's  air  compressor — 49.  The  Bnlli- 
vant  net  defence — 50.  Remarks  on  the  defence  of  ships  against  the  Whitehead. 

r^EFINITION,  —  This  class  of  uncontrollable  torpedoes  includes 
those  in  which  the  power  of  propulsion  is  self-contained,  and 
which,  like  their  prototype  the  fish,  can  be  run  on,  or  at  any  depth 
below,  the  surface,  as  may  be  desired. 

Reference  to  Class  B. — In  reality  the  Class  B  (page  158)  type  of 
torpedoes  come  under  this  category,  at  least  in  so  far  as  being  auto- 
mobile, but  the  nature  of  the  propelling  agent  (rocket  composition)  robs 
that  class  of  any  fish-like  properties,  and,  moreover,  has  such  distinctive 
attributes  as  to  merit  their  inclusion  under  a  separate  heading. 

Oeneric  Name. — The  generic  name  for  this  class  D,  and  the  one  by 
which  it  is  familiarly  known,  is  "the  Whitehead,"  as  representing 
him,  who,  if  not  the  actual  originator  of  this  type,  is  the  inventor  of 
its  hydrostatic  submerging  apparatus,  and  to  whom  is  due  the  mar- 
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velluus  commercial  success  which  has  followed  on  its  almost  universal 
adoption  by  the  nayal  powers  of  the  world. 

The  Forerunner  of  Fish  Torpedoes.— The  "  Whitehead  "  is  the  fore- 
runner  of  all  the  auto-mobile  fish  torpedoes  that  have  been  conceived, 
or  are  in  the  process  of  conception ;  and  that  the  original  invention, 
creating  a  new  class,  should  have  proved  so  entirely  successful  during 
u  i»eriod  of  twenty  years  from  a  commercial  point  of  view  must  be 
accounted  as  a  most  remarkable  feature,  amongst  many  others,  of  this 
invention. 

TI^  Suecess  of  the  Whitehead  Torpedo. — In  the  whole  history  of  the 
torpedo  there  is  no  record  of  one  which,  like  the  Whitehead^  has 
become  so  familiar  by  name  to  the  general  public,  whose  doings  they 
have  so  closely  scrutinised,  and  about  which  so  many  conflicting 
opinions  and  theories  have  been  advanced  as  to  its  details  of  con- 
struction and  manipulation,  more  especially  in  the  matter  of  the 
so-called  ''  secret  '* ;  notwithstanding  which  only  a  shadowy  notion  of 
what  the  actual  arrangements  of  the  interior  of  this  weapon  are,  has 
become  common  property.* 

Diffieidty  of  Imitaiion. — The  German  and  British  governments  have 
certainly  succeeded  in  turning  out  Whiteheads^  the  former  at  Messrs. 
SchwartzkopflTs  works,  and  the  latter  at  Woolwich,  which  are  prac- 
tically equal  to  those  sent  out  from  the  inventor's  works  at  Fiume ; 
but  this  has  only  been  attained  by  years  of  industry,  the  expenditure 
of  vast  sums  of  the  public  money,  and  by  a  treaty  of  reciprocity  as  to 
improvements  and  modifications  devised  by  one  or  the  other. 

Without  a  Rival. — The  Wliitehead  has,  up  to  the  present  day,  met 
with  no  rival  worthy  of  its  steel,  if  the  so-called  "  SchwartzkopiT  '*  bo 
excepted,  though,  from  all  accounts,  the  "  Howell "  fish  torpedo 
known  by  the  name  of  its  inventor.  Captain  J.  L.  Howell,  U.S.N., 
promises  in  the  no  distant  future  to  become  a  dangerous  rival,  espe- 
cially in  the  matter  of  accuracy  of  direction,  which  is  one  of  the  most 
iiii|i«jrtunt  essentials  of  an  uncontrollable  torpedo,  and  which  is  some- 
what wanting  in  the  Whitehead. 

Other  Forms  of  Wliitehead. — Various  forms  of  an  auto-mobile  tisli 

*  While  iliongh  tho  description  of  the  various  parts  of  tho  Whitehead  set  forth  in  thb 
fhapt'f  may  in  bome  measure  dispel  this  gloom  of  doubt  and  hazy  conjef^ture,  yet  it  can 
neTer  be  more  than  partially  effective  so  long  as  the  descriptive  matter  is  unaccomittnie^l 
by  dtrtailed  drawings. 
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torpedo  have  been  proposed,  and  patented,  and  some  of  them  experi- 
mented with  since  the  first  appearance  of  the  Whitehead  in  1868, 
diflfering  from  the  latter  mainly  in  the  matter  of  their  motive  power, 
as,  for  instance,  steam  (Hall  and  Peck),  carbonic  acid  gas  (Paulson), 
and  the  revolution  of  a  heavy  fly-wheel  (Howell),  in  the  place  of  com- 
pressed air,  each  one,  however,  retaining  in  principle  the  leading 
features  of  that  weapon,  but  not  one  has  as  yet  been  found  capable  of 
equalling,  much  less  of  surpassing,  the  Whitehead  in  the  conibined 
features  of  regularity  of  submersion,  accuracy,  speed,  and  range. 

.  Failwre  of  Attmnpts  to  imitate. — While,  though  it  is  well  known  that 
several  drawings,  said  to  be  complete  and  to  scale,  of  the  Whitehead 
have  been  offered  for  sale  from  time  to  time,  and  though  many 
attempts  have  been  made  to  imitate  this  weapon  at  private  yards,  yet 
all  have  ended  in  failure. 

Bemarks  about  the  Schwartzkopff  Torpedo. — The  Schwartzkopff  torpedo, 
to  which  reference  has  been  made,  is  the  outcome  of  the  purchase  of 
the  secret  and  right  of  manufacture  of  the  Whitehead  by  the  German 
Government,  but  except  that  the  former  is  constructed  of  a  special 
material  (called  phosphor  bronze),  the  composition  of  which  is  a  secret, 
instead  of  steel,  there  is  actually  no  sensible  difference  between  these 
two  weapons,  and  therefore  it  is  a  moot  question  whether  that  one 
emanating  from  Messrs.  Schwartzkopff  and  Co.'s  Works  in  Berlin  is 
fairly  described  by  its  single  appellation  of  "  Schwartzkopff,"  or 
whether,  in  common  justice  to  Mr.  Wliitehead,  who  has  supplied  this 
Company  through  the  German  Government  with  the  information 
whereby  the  creation  of  this  offspring  has  been  possible,  it  ought  not, 
more  properly,  to  be  always  termed  the  "  Schwartzkopff- Whitehead  '* 
torpedo. 

History  of  the  Whitehead.  —  The  following  brief  history  of  the 
Whitehead  torpedo  has  been  taken  from  two  lectures  on  this  invention, 
one  delivered  by  Lieutenant  F.  M.  Barber,  U.S.N.  (1874),  and  the  other 
by  Commander  E.  P.  Gallwey,  K.N.  (1885) ;  the  latter  differs  from 
the  former  only  in  that  no  mention  is  there  made  as  to  the  originator 
of  the  "  Luppis  "  surface  automatic  torpedo  boat. 

An  officer  of  the  Austrian  Marine  Artillery,  somewhere  about  1860, 
devised  plans  for  the  construction  of  a  surface  screw  boat,  to  be  pro- 
pelled by  either  a  steam  or  hot  air  engine,  to  be  steered  from  the  shore 
by  means  of  long  tiller  ropes,  and  to  carry  in  its  fore-part  a  large 
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charge  of  gon-cotton,  arranged  to  be  ignited  on  contact.  On  the  death 
of  this  officer,  which  took  place  before  he  had  time  to  put  his  ideas 
into  practice,  these  drawings  came  into  the  possession  of  a  certain 
Captain  Luppis,  an  officer  of  the  Austrian  navy,  who,  being  impressed 
with  the  notion  contained  therein,  constructed  a  model  to  exemplify 
its  mode  of  action,  and  by  it  succeeded  in  inducing  Mr.  Bobert 
Wliitehead,  in  1864,  then  manager  of  some  iron  works  at  Fiurae,  to 
enter  into  an  agreement  with  him  to  improve  and  perfect  this  idea. 

Plate  XL VIII.,  Fig.  1,  is  an  illustration  of  this  model,  of  what  may  be 
called  the  "  Luppis  "  surface  locomotive  torpedo  boat.  It  was  arranged 
to  be  propelled  by  clock-work,  and  to  be  steered  by  a  rudder  manipu- 
lutiMl  from  the  shore  by  long  tiller  ropes.  The  fore-part  was  filled 
with  gunpowder,  and  the  ignition  of  the  charge  was  eflfected  by  means 
of  a  pistol  placed  in  the  head  of  the  boat,  the  trigger  of  which  was  in 
communication  with  a  movable  blade  in  the  bow,  and  with  one  vertical 
and  two  horizontal  spars ;  either  of  these  arrangements  coming  into 
contact  with  the  object  aimed  at  sufficed  to  fire  the  pistol  and  explode 
the  charge. 

With  this  idea  as  a  basis.  Captain  Luppis  and  Mr.  Whitehead, 
aided  by  a  son  of  the  latter,  setat  twelve  years,  and  a  trustworthy 
workman,  set  to  work,  and  in  two  years'  time  succeeded  in  constructing 
the  first  fish  torpedo.  It  was  made  of  boiler-plate,  and  carried  a  charge 
of  18  lbs,  of  dynamite,  with  a  speed  of  6  knots  for  a  short  distance. 

This  is  but  a  meagre  account  of  a  phase  of  torpedo  history  that 
should  be  full  of  interest  to  all  torpedoists,  but  Mr.  Whitehead,  to 
whom  the  author  has  applied  for  a  more  complete  description,  and  a 
drawing  of  the  first  fish  torpedo,  has  not  seen  fit  to  comply  with  his 
request;  it  is,  however,  to  be  hoped  that  the  complete  story  of  the 
Wkitehecul  will  be  written  some  day  for  the  benefit  of  the  future,  if  not 
of  the  present,  generation  of  torpedoists. 

The  following  is  a  brief  general  description  of  the  18G7  fonn  of 
Loppis- Whitehead  torpedo  (as  it  was  then  called),  as  given  by  liiou- 
tenant  Seaton  Schroeder,  U.S.N. 

It  was  constructed  of  wrought  iron,  and  provided  with  vertical  and 
horizontal  blades ;  it  was  more  of  the  shajH?  of  a  dolphin,  in  the  forward 
part,  than  a  spindle  of  revolution  that  it  has  since  assumed.  The  hori- 
lontal  blades  were  used  to  deflect  the  torpedo  up  or  down,  i.e.  above  or 
Wow  a  fixed  plane  of  depth,  and  these  were  actuated  automatically  by 
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what  was  then,  and  is  now,  known  as  the  "  secret."  The  motive  power 
was  then,  as  now,  compressed  air;  but  the  form  of  motor  was  not 
actually  known,  but  a  drawing  evolved  by  a  Major  Daudenard,  illus- 
trated in  Major  Sarrepoint's  work,  is  considered  as  fairly  correct 
This  drawing  shows  a  cylinder  placed  eccentrically  within  another,  and 
in  contact  with  its  inner  surface  actuated  and  made  to  revolve  round 
the  axis  of  the  outer  one  by  compressed  air  admitted  through  a  spe- 
cially contrived  valve  opening  in  the  circumference  of  the  latter.  A 
sliding  plate  next  to  the  valve  moved  in  and  out  at  each  revolution, 
always  remaining  in  contact  with  the  inner  cylinder,  and  compelling 
the  air  to  act  always  on  one  side,  and  in  one  direction.  The  pro- 
peller was  on  the  central  shaft  of  the  outer  cylinder,  to  which  the  inner 
was  keyed  eccentrically. 

The  Austrian  original  trials. — The  next  epoch  in  the  life  of  this  fish 
torpedo  was  its  introduction  to  the  world  in  1868,  t.e.  two  years  after 
its  birth,  on  the  occasion  of  its  being  submitted  to  the  tender  mercies 
of  a  committee  of  Austrian  naval  officers. 

The  form  of  the  two  weapons  experimented  with  by  this  Com- 
mission seems  to  have  been  very  similar  to  the  present  form,  see 
PI.  XL VIII.,  Fig.  2,  only  with  not  quite  so  great  a  proportion  of 
length  to  beam,  or  with  such  very  full  bow-lines  as  is  usual  with  the 
more  recent  types. 

The  dimensions  of  the  two  torpedoes  were  as  follows  : — 


Length 
Max.  diameter 


Small. 

Normal. 

ft.       in. 

ft.       in. 

11       7 

14       1 

0     14 

0     16 

lbs. 

11». 

34G 

650 

40 

,  1 

60 

Weight 

Charge  (gun-cotton)  .        •        .        . 

The  "  normal "  type  was  so  called  because  this  was  the  size  of 
weapon  intended  for  actual  use,  the  smaller  one  being  reserved  for 
experimental  purposes. 

The  trials  were  carried  out  at  Fiume,  and  the  Austrian  gunboat 
Genese  was  handed  over  to  Mr.  Whitehead  to  fit  with  a  bow  ejecting 
tube.     See  PI.  XLIX. 

This  tube  was  dipped  downwards  at  a  small  angle  with  the  water- 
line.  The  outer  end  of  the  tube  was  closed  by  a  conical  door  d  opened 
and  shut  by  means  of  a  strap-hinge  a  and  lanyard ;  an  internal  water- 
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tight  gate  or  door  <7  was  worked  up  and  down  by  means  of  gearing  h  h ; 
the  inner  end  of  the  tube  was  closed  by  a  third  water-tight  door  I, 
Compressed  air  was  then  as  now  used  to  eject  as  well  as  to  propel  the 
torpedoes,  and  a  reservoir  of  the  same  in  connection  with  the  rear  end 
of  the  tube  was  placed  in  some  suitable  place  near  to. 

The  operation  of  firing  a  torpedo  out  of  the  tube  was  rfs  follows : 
the  inner  door  being  opened,  a  torpedo  is  entered  into  its  place,  and 
the  door  reclosed ;  water  is  then  admitted  into  the  tube  by  means  of 
a  branch  pipe  (;  from  a  Kingston  valve ;  both  the  gate  and  outer  door 
can  then  bo  opened.  In  admitting  the  compressed  air  from  the 
reservoir  into  the  tube  the  torpedo  was  ejected  with  considerable 
velocity,  its  engine  being  started  at  the  same  time  by  the  withdrawal 
of  a  pin. 

The  target  consisteil  of  the  yacht  Fantasie,  protected  by  a  spun- 
yam  nutting  about  19  feet  in  depth,  and  lowered  6  feet  below  the 
surface  of  the  water,  and  extended  along  the  whole  length  of  the 
Teasel ;  it  was  kept  in  a  vertical  position  by  means  of  heavy  stones 
secured  to  a  jackstay  running  along  the  foot  of  the  net  The  target 
thus  prepared  represented  a  length  of  200  feet,  with  a  depth  of 
24  feet 

The  Genese  was  too  small  to  admit  of  the  tube  being  more  than 
3  f«*et  below  the  surface,  while  the  two  torpedoes  were  intended 
t«)  be  discharged  from  a  tube  12  feet  below  the  surface,  and  were 
adjusted  to  bo  run  at  the  same  depth.  Thus  the  torpedo  was  called 
upon  t()  seek  its  own  level,  an  operation  for  which  it  was  not  prei>ared. 
The  "  small "  torpedo  was  first  tried,  and  out  of  fifty-four  shots  only 
eight  were  caught  in  the  net ;  the  range  was  some  700  yards,  and  both 
Teasels  were  at  anchor. 

The  variations  of  the  torpedo  in  tlie  vertical  plane  ranged  from 
0  to  40  feet,  duo  to  the  tube  being  at  a  less  submergence  than  what 
the  t4)r{>e<lo  was  set  to  run  at.  Twenty-four  shots,  or  about  r)0  j>er 
cent,  passed  either  into  or  below  the  net,  the  remainder  missing  the 
target  altogether.     The  speed  of  the  torpedo  was  5 'GO  knots  p<T  hour. 

A  secoml  series  of  trials  was  carried  out  throe  weeks  later,  durinjr 
•hioh  time  tho  invt-ntor  had  succeeded  in  adding  an  iniprov<'nirnt  by 
*hich  the  oscillations  of  the  torpedo  in  the  vertical  plane  wore  vrry 
considerably  re<luced.  The  certiiinty  of  hitting  was  murli  incroasod  in 
these  trials,  TM)  j>er  cent,  of  the  thirty  shots  fired  hitting  tlio  net; 
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while  the  speed  was  increased  to  6*8  knots.  Experiments  were  also 
made  with  the  Genese  moving  ahead,  and  astern,  and  also  with  both 
ships  in  motion,  with  satisfactory  results.  In  the  latter  trial  it  was 
found  that  it  requires  great  practice  and  correctness  of  eye  to  hit  a 
ship  moving  across  the  course,  at  about  right  angles,  of  the  vessel 
from  which  the  torpedo  is  fired. 

The  "  normal "  torpedo  was  also  experimented  with,  and  proved  to 
be  fairly  accurate  when  ejected  from  a  tube  placed  at  a  depth  of  14  feet 
below  the  surface,  for  which  depth  it  was  set  to  run  at ;  this  weapon 
attained  a  speed  of  6*7  knots  per  hour. 
^^\i^  Commission,  in  their  report,  summed  up  as  follows : — 

1st.  The  exploding  power  of  40  lbs.  of  gun-cotton  is  quite  sufficient 
to  sink  any  ship. 

2nd.  The  certainty  of  hitting  is  as  great  as  can  b^  expected  from 
such  an  arm. 

3rd.  The  apparatus  for  firing  never  fails. 

4th.  The  velocity  is  indeed  not  great  enough  to  catch  a  fast-going 
ship  in  a  chase ;  \but  it  is  quite  sufficient  for  the  defence  of  harbour 
entrances,  and  for  the  attack  of  ships  at  anchor;  and  as  ramming 
is  now  the  principal  mode  of  attack  in  naval  battles,  and  they 
therefore  become  nothing  short  of  a  melee^  torpedoes  can  even  then 
be  employed  with  great  advantage. 

The  Commission,  therefore,  voted  unanimously  for  the  acquisition 
of  the  secret. 

In  considering  this  very  favourable  and  fortunate  verdict  it  must 
be  borne  in  mind  that  the  only  torpedoes  known  at  that  time  were 
the  ^ipar  and  the  towing  torpedoes;  that  the  battle  of  Lissa  had 
just  been  fought ;  that  the  speed  of  the  first-cl£iss  ironclads  was  then 
some  12  knots ;  and  that  the  strongest  ships  afloat  at  that  time  would 
rank  but  as  fourth  class  vessels  in  the  present  day.  While  the 
presence  of  a  secret,  and  the  high  price  charged  for  its  acquisition 
acted  as  a  strong  incentive  to  purchase,  and  once  purchased,  a  further 
expenditure  of  money  to  improve  and  perfect  the  weapon  followed  as 
a  natural  sequence. 

Looked  at  in  the  light  of  the  present  day,  it  seems  a  most  extra- 
ordinary piece  of  good  fortune  for  Mr.  Whitehead  to  secure  the 
adoption  of  his  invention,  by  the  Austrian  Government,  in  its  then 
most  imperfect  and  crude  condition. 
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&M&  of  Aiatria*  triaU—Tbe  adoption  of  the  WUiUiuni  \fj  tho 
Aostmn  Gorprament  in  1868  induced  othet  wtTal  povera  to  consider 
tbo  ailTUabititr  of  following  in  her  foot3te|)6,  and  in  1870  this,  then 
wuDiIrrfnl,  weapon  was  brooght  over  lo  England  at  the  request  of  the 
llritish  Government  for  the  purpose  of  demonstmting  to  a  navHl  com- 
tnission  its  rapabilities.  These  trials  being  deemini  satislactorT,  tlie 
•ecrrt  ami  right  of  mannfactare  of  the  invention  nras  purchased  by 
British  GoTBminent  in  April  1871  for  the  sum  of  fifteen  thousand 
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Fnmee,  Italy  (1873),  and  Germany  followed  snit.  And  now,  with 
the  exception  of  the  United  States,  there  is  no  naval  jiower  of  auy 
eotitrqueneo  that  does  not  possees  tbc  Whiiehead,  or  the  WhikJifoA- 
SdtwurUkopff  (orpe<lo. 

Lieutenant  I^irber,  in  his  lecture  of  1874.  gives  tbe  foliuning 
uiteresting  particuUirs  of  the  early  history  of  this  invention. 

"In  1869  Mr,  ^Miitehead  offered  his  invention  to  our  Govoru- 
neot  (r.  S.)  for  20,000/.,  and  iu  1874  it  was  again  offered,  hut  t» 
yet  (1875)  it  Lhs  not  been  deemed  advisable  to  purchase  it  .  .  .  only 
&  few  months  ago  (1874)  an  offer  was  made  to  the  Chief  of  tho 
Ban«n  of  Ordnance  by  a  former  employe  at  Woolwich  to  sell  for  ii 
modiiralo  sum  the  secret  of  the  Whitehead  torpedo,  and  to  furnish 
working  drawings  of  tbe  same.  Tho  offer  was  of  eimrse  dwlined  .  .  . 
Tbe  Swedisli  C'omiuisBiouer,  who  witnessed  some  of  tbe  earlier  trials 
of  tbe  invention,  is  said  to  have  offered  Mr.  Whitebead  $10.00(.>  for  his 
•ecret,  mying  that  it  was  tho  opinion  of  his  Government  that  it  wonld 
ooft  about  that  amount  to  invent  a  torpedo  of  tho  same  description. 
However  true  this  may  be,  Mr.  Whitehead  is  said  to  have  sftont 
40,000/.  in  perfecting  his  invention  .  .  ." 

Original  trials  m  England. — The  partieulars  of  tho  Lnppis-Wbite- 
besd  torpedo  tried  in  Kngland  in  1S7I),  and  tho  results  of  tho  experi- 
ments carried  out  with  it  by  the  Itritisb  Naval  Commission,  are  brieRy 
u  follows : — 

This  torpe<lo,  shown  in  PI.  XI.VIII.,  Fig.  2,  was  eonstnioted  of 
thin  wrought  iron,  and  in  form  cigar-sbajted  ;  it  was  iitte<l  with  a  pro- 
jecting plate  on  IhiI))  top  and  bottom,  extending  about  two  feet  to  tho 
roar;  alfeo  with  two  smull  projeelious  on  each  side,  for  thi-  purpose  of 
keeping  it  straight  in  the  submerged  tube  through  which  it  i 
I»'jw:ted.    The  bo<ly  of  the  torpedo  contained  aroaerroirof  compriKisod'] 
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air,  and  a  pneumatic  oampoimd  oecillating  engine,  working  a  single 
propeller. 

Two  torpedoes  of  the  following  dimensions  were  tried : — 

Lai^ge.  SmalL 

A.      ins.  ft. 

Length 14      0         ..         13-875 

Diameter 0    16        ..         14iDB. 

lbs.  Ibe. 

Charge 67  ..18 

The  torpedo  was  arranged  to  be  exploded  on  contact  with  the 
enemy  by  means  of  a  percussion  fnze. 

H.M.  paddle  steamer  Oberon  was  fitted  with  a 'submerged  tube 
under  Mr.  Whitehead's  superyisioUy  who  also  personally  conducted  all 
the  trials. 

Seventy-five  shots  were  fired  from  the  Oheran's  submerged  tube, 
seventeen  from  the  surface,  and  nine  from  a  frame  attached  to  a 
boat's  keel,  at  submerged  targets,  on  the  results  of  which  the  Com- 
mittee summed  up  as  follows : — 

Speed. — For  short  runs  of  less  than  200  yards  8  •  5  knots.  Up  to 
600  yards,  7  to  7  •  5  knots. 

Accuracy. — A  ship  at  anchor  may  be  struck  with  tolerable 
certainty,  end  on,  up  to  200  yards.     Broadside  on,  up  to  400  yards. 

In  a  strong  tideway  no  practice  should  be  attempted  beyond 
200  yards. 

Ships  moving  at  full  speed  cannot  be  struck  with  any  certainty 
except  at  close  ranges. 

The  motive  power  machinery,  and  the  arrangements  for  charging, 
projecting  the  torpedo,  and  for  lateral  and  vertical  accuracy  were 
deemed  satisfactory.  They  further  stated  that  considerable  care  is 
required  to  prevent  any  damage  to  the  exterior  parts  of  the 
torpedo. 

Bapid  development. — The  acquisition  of  the  Whitehead  by  the 
Austrian,  British,  and  other  Governments  was  the  means  of  very 
rapidly  developing  this  weapon,  especially  in  respect  of  its  speed,  and 
consequent  accuracy  of  direction,  and  length  of  range. 

The  following  Table  shows  the  rate  of  progress  during  the  last 
twenty  years : — 

At  PL  XLVIII.,  Fig.  3,  is  shown  a  sketch  of  the  1877  model,  and 
at  Fig.  4  of  the  1884  model. 


Rapid  Derelopment,— Principal  Improvemeota. 
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Thp  principal  improvements  effected  in  the  mechanism,  &c.,  which 
have  together  It-d  to  its  preaeat  high  state  of  efficiency  are :  1st.  The 
•ioption  of  the  well-known  Brotherhood  three  cylinder  engines:. 
2n(i.  The  introduction  of  a  eervo-motor  to  work  the  horizontal  steering 
ludders,  by  which  a  rapid  series  of  slight  movements  are  imparted  to 
them,  or  in  other  words,  the  power  is  served  out  as  required,  instead 
of  by  ono  complete  stroke ;  this  improvement  at  once  reduced  the  violent 
oacillatians  in  a  vertical  plane,  and  permitted  of  a  uniformity  of  sub- 
mergence daring  a  run,  quite  unrealised  with  the  earlier  patterns: 
3ii  The  use  of  two  pro[>elIer3  revolving  in  opi>osito  directions  on  the 
■uae  line  of  shafting ;  this  idea  of  two  such  screws  were  first  devised 
by  one  of  the  employ^  in  the  Whitehead  manufactory  at  the 
Woolwich  Arsenal ;  this  was  n  most  important  improvement,  as  it 
eliaioated  almost  entirely  the  tendency  of  the  torpedo  to  roll,  which 
■iiut  result  in  snch  a  weapon  from  the  use  of  a  single  screw ;  this 
enabled  the  topedo  to  mn  a  much  stmighter  course  than  had  before 
been  poasiblv ;  because  if  the  torpedo  failed  by  any  cause  to  maintain 
aa  upright  position  during  its  ran,  as  for  instance  in  rolling,  the 
boriwntal  diving  rodder  would  then  become  a  horizontal  component 
tending  to  alter  itfl  direction :  4th.  The  improvement  effected  in  the 
ranttniction  of  the  motive  power  (compressed  air)  reservoir,  brought 
■boat  hf  the  development  of  thi>  steel  manufacture,  which  enables 
•  greater  preesure  to  be  useil  iu  a  lighter  reservoir :  5th.  The  intjo- 
4aetion  of  double  throttle  valves,  by  which  the  leakage  of  the  motive 
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power  is  considerably  reduced :  6th.  The  shape  of  the  hull,  a  full 
entrance  with  a  very  fine  run,  which  has  been  found  to  give  an 
increase  of  speed,  and  has  been  adopted  not  alone  for  that  reason,  but 
because  it  adds  to  the  displacement  without  increasing  the  weight  of 
the  torpedo,  and  also  brings  the  centre  of  the  charge  and  explosion 
further  forward,  i,e.  nearer  to  the  point  of  impact. 

Description  of  the  Whitehead. — ^The  following  description  of  the 
Whitehead  torpedo,  though  sufficiently  complete  for  the  purposes  of 
any  one  desirous  of  understanding  the  nature  of  this  celebrated 
weapon,  yet  hardly  suffices,  and  is  not  intended  so  to  do,  for  the 
purposes  of  construction. 

The  torpedo  may  be  considered  to  be  divided  into  eight  parts 
or  sections. 

The  parts  are  as  follows : — 

1.  Containing  the  Percussion  or  Firing  arrangement. 

2.  The  explosive  or  charge  chamber. 
31  The  balance  or  secret  chamber. 

4.  The  air  reservoir. 

5.  The  engine  chamber. 

6.  The  buoyancy  chamber. 

7.  The  bevel  wheel  chamber. 

8.  The  horizontal  and  vertical  rudders,  and  propellers. 

In  describing  the  torpedo,  each  section  will  be  considered 
separately,  commencing  from  the  fore  end. 

Firing  Apparatus. — There  are  two  kinds  of  Whitehead  firing 
apparatus,  of  which  the  second  described  one  is  now  more  generally 
used. 

The  first  arrangement  is  formed  of  two  castings,  screwed  one  into 
the  other,  the  front  one  carrying  a  nickel-plated  steel  cylindrical 
plunger.  This  plunger  has  on  its  fore  end  four  strikers,  or  whiskers, 
for  ensuring  the  percussion  apparatus  being  brought  into  play  on  the 
torpedo  either  striking  a  net  or  making  impact  at  an  angle,  A  copper 
washer  is  fixed  by  a  nut  to  the  front  end  of  the  inner  casting,  which 
nut  has  an  internal  diameter  large  enough  to  admit  of  the  passage  of  a 
nut  screwed  on  to  the  end  of  the  plunger.  The  whiskers  are  arranged 
to  slide  in  slots  in  the  front  casting.     Two  holes  are  bored  into  the 


B  of  the  fruut  casting  to  admit  of  the  iiitn<diictiou  of  a  safety-pin 
eyisliolt ;  tU«  object  of  thia  safety-piii  is  to  prevent  accidents  before 
Ltuiiching,  aud  is  only  remorc?d  just  before  placing  the  toqvedo  in 
lis  launching  tube.  This  eye-bolt  is  usetl  also  in  the  experimental 
tori(cdoc8  as  a  means  of  recovering  it. 

The  whiithers  (Btrikera)  are  arranged  so  that,  to  realise  the  full 
^1  farce  nwcssiiry  to  ensnre  an  explosion,  the  variation  of  the  tori>edo 
j^Koni  the  line  uf  projection  should  not  be  more  than  nbont  12'. 
^K      The  priming  case  is  made  of  idnc,  and  contains  usually  18  ounces 
^Hf  dry  gun-cotton;  and  the  front  end  tcnutnates  in  a  brass  costing, 
^Htiich  screws  into  the  main  casting,  and  carries  the  detonator. 
^V      When  the  torpedo  strikes  the   object   with   sufficient   force,   the 
plunger  is  driven  back,  and  breaking  the  copper  washer,  strikes  the 
fun-most  end  of  the  detonator  {containing  the  igniting  composition), 
igniter  the  priming  charge,  and  explodes  the  torpedo. 

The  second  or  improved  form  of  jiercussion  arrangement  consists  of 
two  castings  screwed  into  each  other.      The  front  casting  carries  a 
^Ll^lindrieal   plunger,  which  is  bored  and  screwed  to  take  a  screwed 
^■yieoe,  the  head  being  similar  to  the  above  described   plunger,  and 
■  pCDTidfHl  with  four  vanes.    The  screwed  piece  of  the  plunger  is  pointed 
at  iu  after  end,  and  is  the  actual  percussion  striker.    This  is  removed, 
when  not  in  use,  for  safety  purposes,  and  so  dispenses  with  the  old- 
iuhionod  safety-pin.     When  used  on  actual  service,  before  placing 
ne  tur]>i-do  in  the  tube,  it  is  only  screwed  into  the  plunger  a  aliort 
The  vanes  are  placed  obliquely  in   this   case,   the   object 
yeing  that  the  resistance  these  vanes  ofTer,  when  the  tor]>edo  is  pro- 
ud ia  proceeding  on  its  course,  will  twist  the  screw-piece  right 
p  to  striking  jiositinn,  when  tlio  plunger  is  held  by  a  small  serewi^l 
When  the  torpedo  strikes,  the  blow  causes  this  pin  to  bo  broken, 
1  allows  the  plunger  and  screw  to  be  driven  up,  and  strike  the 
ftltninating  cap  of  the  detonator. 

The  Balance  or  Stxret  CV(amW. —The  balance  chamlier  contains 

the  nu^Aiiism  for  automatically  transmitting  the  movemeula  neces- 

Hj^Miy  for  moving  the  horixontal  rudders  whioh  maintiun  the  torpedo  at 

^B  tmiform  sAt  depth  heUiw  the  surface  during  itH  run.     Tt  consiHtti  of 

Ha  bydmlatic  balance  and  a  [pendulum,  whust>  combined  movements 

u«   tnuiSDiitt«d   tu   an   air   cylinder,   called   a  "servo-motor,"   with 

nSeicnt  force  and  tho  necessary  direction  to  move  the  horizontal 


nMen,  meA  tte  aumnged  m  that,  when  the  baUnee  is  in  equilibciimi, 
the  torpedo  proceeds  at  the  depth  lor  which  it  has  bem  pieTioaalT  set. 
Id  tills  ecnsists  what  is  kDoirn  as  the  ^  secret  **  of  the  torpedo. 

The  balance  chamber  is  scmetimes  placed  abaft  the  air  reserroir  to 
AToid  rnnning  pipes  through  the  latter. 

A  short  distance  abaft  the  foremost  bolkhead  of  this  chamber  is  a 
partUicn^  to  which  the  l^lance  or  hydrostatic  apparatns  is  affixed,  and 
to  this  spaee^  termed  the  ante-chamber,  water  is  fireelj  admitted  by 
means  of  holes  bored  in  the  skin  of  the  torpedo,  the  air  passing  ont  by 
r/ther  smaller  hr^les.  These  holes  are  bored  at  an  angle  of  30^,  as  this 
is  fonnd  to  be  the  best  inclination  to  admit  of  water  passing  freely 
int/i  the  ante-chamber  daring  a  ran. 

The  Bala/nce. — ^In  the  partitum  of  the  balance  chamber  is  a  circular 
hole,  corered  by  a  dished  plate  on  the  after  part,  and  a  disc  of  india- 
rubber  on  the  fore  part,  both  being  bolted  together  to  the  partition, 
thus  a  reccM  is  formed  between  the  covering-plate  and  rubber  disc ;  a 
hollow  tulio  (1)  forms  part  of  this  plate ;  another  tube  (2)  fits  oyer  this 
tube  (1)  at  its  after  end,  and  is  so  arranged  that  it  (2)  can  move  longi- 
tudinally, biit  cannot  turn.  At  the  after  end  of  this  covering  tube  (2) 
is  fixed  a  boss  and  three  arms,  to  each  one  of  which  is  attached  a 
j>oworful  8i)iral  spring. 

In  the  rece88  formed  by  the  covering  (dished)  plate,  a  metal  disc, 
c*.allod  the  "  Hydrostatic  plate,"  moves  easily,  and  affixed  to  which  is  a 
third  tube  (3),  working  longitudinally  inside  the  first  tube  (1) ;  the 
solid  hoad  of  this  third  tube  (3)  passes  through  the  covering-plate, 
hydrostatic  i)lute,  and  rubber  disc,  ending  in  a  square  head  to  which  to 
apply  a  key  for  the  purposes  of  adjustment. 

In  the  inner  end  of  the  third  tube  (3)  a  screw-thread  is  cut,  screwed 
into  which  is  a  rod  terminating  in  its  after  end  in  a  square  piece 
fitting  into  a  square  hole  in  the  inside  part  of  the  boss  carrying  the 
<hr(>o  spiral  spring  arms.  To  adjust  these  spiral  springs,  i.e.,  to  com- 
press or  extend  them,  it  is  only  necessary  to  turn  the  inner  tube  (3), 
by  which  the  screwed  rod  is  forced  to  move  longUudinaUy  in  one 
diri»ction  or  the  other,  according  to  the  direction  in  which  the  tube  (3) 
in  moved  ;  for,  as  has  been  before  explained,  the  boss  in  which  this 
H<*rowed  rod  fits  cannot  be  turned  round,  but  has  only  a  longitudinal 
niovoniont. 

Tho  amount  of  compression  or  extension  due  to  the  depth  at  which 
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torpedo  is  to  be  tnaintAined  during  its  run,  is  calculated  by  actual 
:periment,  and  is  one  of  tlie  most  important  and  delicate  adjustments 
of  this  turj>edu,  as  the  tensiou  uf  the  springs  must  coiresjxmd  exuctly 
«itb  the  pressure  on  the  hyilrustatie  plate  for  any  particular  depth, 

Tb©  actual  portion  or  number  of  turns  to  be  given  to  the  inner 
tube  (3),  by  which  to  adjust  the  springs  for  any  depth,  is  registered  on 
n  diaL 

When  the  torpedo  is  submerged,  the  water  enters  the  ante- 
•  liiuiibor  by  means  of  the  afore-meotioued  holes,  but  cannot  piiss  into 
tii«  recess.  The  pressure  of  the  water,  increasing  with  the  depth,  acts 
npoa  the  iiydrontatir  plute,  which,  by  means  of  the  arrangement  above 
described,  and  H  yreaicr  than  the  pressure  of  the  set  depth,  overcomes 
the  tension  of  tho  springs,  and  moves  in  a  direction  opposite  to  that 
of  tlio  torpedo.     The  tube  att4iched  to  this  plate  (3)  carries  a  small 

,  and  communicates  such  movement  to  a  lever  conue<;te<l  with  a 
which  rod  ia  conso<juently  moved  in  the  opposite  direction  of  the 
This  rod  is  fixed  on  the  other  end  to  a  rocking  lever  in  cou- 
Ttection  with  the  ]>endulum,  from  whit-h  another  lever  (the  sevvn-motor 
lever)  passes  through  the  air  reservoir,  and  connects  to  the  valve  of 
the  servcKmotor,  thereby  operating  it,  and  so  causes  it  to  act  upon  the 
>ntal  rudders,  inclining  them  downwards,  the  action  of  which  lifts 

lorpndo  until  the  balance  is  again  in  equilibrium. 

If  tb«  pressure  be  at  any  time  less  than  that  of  the  set  depth,  the 
ito  action  takes  place. 

The  Per^dulum. — The  peudulmn  consists  of  a  heavy  iron  weight, 
to  vorrespoud  with  the  circular  section  of  the  torpedo,  and  sus- 
pended by  two  pivotod  steel  rods  or  arms. 

The  moroment  of  the  pendulum  is  limited  both  fore  and  aft  by 
blocks,  and  a  spindle  and  spring  arrangement  fitted  in  recesses  cast  on 
tbe  body  of  the  weight 

These  springs  arc  used  to  prevent  the  weight  straining  the 
arrhsnism  when  the  torpedo  is  lirttt  started,  but  they  are  not  strung 
enoogb  to  interfere  with  tho  working  of  the  pendulum.  In  somo 
[•ttorns  this  pendulum  is  held  in  a  clutch  imtil  the  engines  hare 
nudo  a  certain  number  of  revolutions,  when  the  clutch  Is  released. 

On  the  suspension  arm  ia  fixed  the  centre-pin  supporting  the  afore* 
(USitioDed  rocking  lever. 

Tlitis  it  ia  seen  that  the  servo-motor,  and  couse<^uoutly  the  diving 
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mdders  may  be  operated  either  by  the  increase,  or  decrease  of  pressure 
on  the  "Hydrostatic  plate,**  due  to  any  variation  in  the  depth  at 
which  the  torpe^lo  is  running  above  or  below  the  normal  or  set  depth 
of  run,  or  they  may  be  moved  by  the  swing  of  the  pendulum  forward 
or  aft,  according  as  the  torpedo  is  inclined  downwards  or  upwards. 
When  the  torpedo  is  projected  from  its  gun,  or  launching  tube,  the 
pendulum  swings  forward,  due  to  her  inclination  downwards,  causing 
the  diving  rudders  to  be  inclined  so  as  to  bring  her  up,  and  in  addition 
to  this  action  of  the  pendulum  as  soon  as  the  torpedo  has  passed 
beyond  the  depth  she  is  to  run  at,  the  pressure  on  the  hydrostatic 
plate  becomes  greater  than  the  tension  on  the  springs,  and  conse- 
quently both  the  swing  of  the  pendulum  and  increased  pressure 
combine  to  oi)erate  the  servo-motor,  and  thus  bring  the  torpedo  to  her 
normal  depth  very  rapidly. 

Air  Beservoir. — The  reservoir  containing  the  motive  power  (com- 
pressed air)  is  constructed  of  steel,  and  is  cylindrical,  5  feet  long  by 
14  inches  in  diameter  for  the  14-foot  torpedo,  with  dished  ends  screwed 
and  brazed. 

The  chamber  has  recesses  on  its  edges,  into  which  at  one  end  the 
engine  chamber,  and  at  the  other  end,  the  balance  chamber,  fits. 

It  is  constructed  to  resist  a  pressure  of  100  atmospheres,  and  is 
tested  up  to  120  atmospheres. 

The  copper  tube  passing  through  it,  in  which  the  rod  from  the 
balance  to  the  servo-motor  works,  is  tested  up  to  120,  and  has  been 
tested  up  to  150,  atmospheres. 

The  phosphor-bronze  air  chamber  of  the  Whitehead-Schwartzkopflf 
luis  been  found  to  alter  in  diameter  and  length  under  the  great 
pressures  it  is  subjected  to,  as  follows : — 

Preasore. 


75  atmospheres 

90 

100         ^ 
120 
180 


Increase. 

Indiam. 
inches. 

In  length, 
incbes. 

— 

0  022 

— 

0-026 

0-24 

0  032 

— 

0037 

— 

0  039 

The  Servo-Motor. — The  servo-motor  is  the  air  engine  from  which  is 
derived  the  power  to  move  the  horizontal  or  diving  rudders.  It  is 
situated  in  the  engine  chamber,  and  forms  part  of  the  casting  of  the 
propelling  engines. 


The  principal  feature  of  the  \^']iitebeacl  serro-motor  is,  that  the 
imlit-e  power  (compressed  air)  is  alva)'a  on  both  aides  of  the  pisti^n,  by 
trliic-h  tlio  movement  of  llio  piston  is  reudered  slow  and  steady,  in 
other  words,  just  aa  much  uf  the  power  requireil  to  move  the  horizontal 
nitliler  'u  evrvod  util  as  is  uei-«U-d.  In  the  earlier  forms  of  the  White' 
kiaJ,  the  engine  to  work  the  divtn^  rudders  was  ouly  capablf>  of  puttinf; 
tlirni  h«r«l  up  or  hard  down,  and  therefore  the  movement  of  tlie  li)ri>edo 
in  tile  vertical  plane  was  eseee<Iin^ly  irregular,  us  c-om|>ared  with  the 
rct^iilurity  uttainbd  with  the  more  reouiit  torpetloes. 

The  motion  of  the  piston  (operating)  of  the  servo-motor  is  trans- 
mitted to  the  diving  nulders  by  means  of  a  rod  and  system  of  levers ; 
while  the  movement  of  the  small  piston,  which  opens  and  (doses  the 
wious  air  |M>rts  by  which  air  from  the  reservoir  is  aclmittcd  to  the 
cylinder  surrounding  the  operating  piston,  and  by  which  the  air  already 
in  the  cylinder  is  expelled,  is  effected  by  the  wrviKmotor  k-ver  in 
couQM-tion  with  the  Hydrosttttic  balance  and  pcndnluni  apjiumtus. 

It  must  be  bonitt  in  mind  that  the  movement  of  the  iVhitekead  in 
the  vertical  plane,  due  to  the  action  of  its  diving  rudders,  is  very  rapid, 
owing  to  the  very  high  speed  (27  knots)  at  which  it  travels,  in  combi- 
oalion  with  its  comparative  lightness  (5  cwt,),  short  length  (14  feet), 
«&d  tineu<>ftt  of  l>ody. 

Propelliiuf  Engines. — The  engines  arc  of  the  WLdl-known  Brother- 
hood thn-e-cylinder  type. 

The  compressed  air,  after  leaving  the  air  reservoir,  passes  through 
the  main  pipe  to  a  prcssnre-reducing  valve  before  entering  the 
cylimloni;  the  object  of  the  pressure-reducing  valve  is  to  reduce  the 
high  pressure  of  air  coming  from  the  reservoir  tti  the  necessary 
|wva«arc  required  for  the  working  of  the  engines.  For  example,  tlie 
eogiueti  may  inquire  to  be  worked  at  30  atmospheres  only,  whereas  the 
air  in  the  reservoir  is  at  a  pressure  of  100  atmospheres,  and  the  valvo 
reduces  the  normal  to  the  necessary  working  pressure.  At  30  atmo- 
■pberes  in  the  engines,  and  with  1100  revolutions  |>er  minute  of  the 
|>tupfllcrs,  48  indicated  Il.P.  is  developed.  The  torpedo  is  started  by 
means  uf  s  trigger  which  projects  a  little  beyond  the  cawing  of  the 
torpedo.  Its  ose  is  to  automatically  open  the  starling  valve  when  the 
torpedo  a  projected  from  its  launching  tube.  The  trigger,  just  before 
loaTiDg  the  lauQching  tube,  is  caught  by  a  catch  in  tlie  tube,  which 
dmwi  it  beck,  when  the  catch  releases  itself. 
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Hinhing  Vahe. — This  Talve  can  be  connected  np  with  the  rod 
a/tduaieA  by  the  length  of  run  mechanism,  or  it  can  be  disengaged. 
If  it  }ms  connected  np^  tje.,  if  it  be  desired  to  sink  the  torpedo  at  the 
end  of  its  run,  then^  when  the  torpedo  has  run  its  allotted  course,  this 
rrxl,  )iy  certain  mechanism  to  be  described,  causes  the  starting  Talve  to 
l>e  close*!,  and  at  the  same  time  ojiens  the  sinking  valve,  by  which  water 
is  ailmitted  from  the  engine  room  into  the  buoyancy  chamber,  thereby 
destroying  the  buoyancy  of  the  torpedo  and  so  sinking  it. 

hul/ricatiiuj  Box. — The  lubricating  box  is  of  cylindrical  form, 
with  spherical  ends,  and  fitted  with  a  tube,  one  end  of  which  reaches 
to  the  shell  of  the  torpedo,  where  a  screwed  plug  is  fitted  for  the 
purpose  of  filling  it  with  the  lubricating  medium,  a  mixture  of  olive 
oil  and  petroleum. 

A  little  below  the  filling  hole,  a  small  pipe  is  connected  to  the 
starting  valve. 

When  the  starting  valve  is  opened,  a  portion  of  the  air  passes 
through  the  pipe  into  the  lubricating  box  by  means  of  the  tube; 
and  in  passing  through  the  lubricating  box  into  the  reducing  valve,  it 
carries  with  it  a  sufi3cient  quantity  of  the  lubricating  medium  to 
secure  the  lubrication  of  the  engines  and  servo-motor. 

Bevel  Wheel  Chamber. — In  this  chamber  is  contained  the  bevel 
wheel  mechanism,  by  which  is  effected  the  revolving  of  the  two 
propellers  in  opposite  directions  on  the  same  line  of  shafting. 

After  Section. — The  after  section  or  rear  end  of  the  torpedo  consists 
of  bevel  wheels  for  altering  the  direction  of  one  of  the  propellers, 
horizontal  and  vertical  rudders,  two  propellers,  and  the  mechanism 
for  adjusting  the  length  of  run.  The  end  of  the  shell  of  the  torpedo 
terminates  in  a  metal  casting,  into  which  are  screwed  two  tubes,  one  in 
which  the  rear  propeller  shaft  works,  and  another  smaller  one,  through 
which  the  length  of  run  rod  passes. 

Bethel  WJieel  Mechanism. — There  are  four  bevel  wheels  used  :  (1)  is 
iixod  to  the  main  propeller  shaft,  to  which  the  rear  propeller  is 
uttnchod ;  (2)  is  fixed  to  the  outer  hollow  shaft  in  connection  with  the 
fore  propeller ;  (3)  and  (4)  are  attached  to  spindles  at  right-angles  to 
the  propeller  shafts,  and  engage  with  the  bevel  wheels  (1)  and  (2). 
By  this  means  the  direction  of  the  forward  propeller  is  made  to 
revolve  in  an  opposite  direction  to  that  of  the  after  one;  the  rear 
pr^^pollor  being  fixed  to  the  main  shaft,  and  the  forward  one  to  the 
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hoUnv  shaft,  to  whioli  wLeel  (3)  ia  keyed,  and  through  whioh  the  main 
shaft  passes. 

Length  of  RuH-adJuatitifi  ilechanim*. — A  toothed  wheel  gears  into 
mi  c&dleea  screw  on  the  outer  [iro[>eller  shafu  At  every  revolutiuu  of 
the  propeller  the  wheel  moves  one  ttx)th,  and  one  <;ompIet«*  rerolution 
wbcD  the  number  of  reTolutious  of  propeller  correspomis  with  tho 
anmher  of  teeth  in  the  wheel.  At  every  complete  revolution  of  tho 
wheel  a  pin  fixed  into  it  lifts  an  e8carj)ment  and  moves  a  second  wheel 
one  tooth.  In  front  of  these  wheels  is  a  spiral  spring  encircling  tho 
profH-'ller  shaft  and  Hxed  to  a  covering  tube ;  this  tube  moves  Ial«ml1y 
with  the  spring,  and  ou  the  forward  end  is  the  lug  to  whioh  tho 
starting  valve  rod  ia  connected,  and  at  the  rear  end  a  short  lever. 
This  spring  can  lie  forced  forward  by  a  suitable  key,  and  the  wh<-cls 
adjusted  for  any  length  of  run ;  the  ailjustnient  being  regulated  by  an 
index  on  the  vertical  fin.  The  action  is  as  follows:  When  the  pro- 
peller has  made  tho  necessary  numWr  of  turns  corresponding  to  tbo 
length  of  run  intended,  the  pin  on  the  first  wheel  is  brmight  to  bear 
on  the  short  lever,  which,  being  pressed  down,  is  released,  and  tlio 
spiral  spring  flies  back,  carrying  with  it  the  tube  and  rod,  whicb, 
being  fixed  to  the  trigger  of  the  starting  valve,  closes  it,  and  so  stops 
llie  engines  and  the  tor|)cdo,  at  the  some  time  opens  the  sinking  valve, 
ii  this  valve  is  connected  up. 

BoriiQntal  Rudderg. — The  horizontal  rudders  are  actuated  by 
iitutiun  f{iv(Mi  tu  intermediate  rods  connected  with  the  servo-motor. 

Vertical  Rudden. — The  vertical  rudders  are  placed  symmetrically, 
one  on  L-«ch  side  of  the  horizontal  tuilfius  und  uu  botli  up[)er  and 
lower  sides ;  they  are  pivoted,  and  held  in  position  by  screws.  On  tlio 
upper  side  is  au  index  jiointer  und  sailo  engraved  on  the  fin.  Tho 
rodders  can  be  moved  tu  any  desired  positiuu,  and  fixed  in  position  by 
a  screw. 

The  object  of  these  rudders  is  to  correct  the  horixontal  deviation 
liom  the  straight  course  of  the  torpedo's  run.  Tho  cause  of  this 
dnviatiou  is  explained  by  the  lUSerent  densities  of  water  in  which  the 
prvpellen  work,  although  both  are  the  same  diameter  and  jiiteh 
ud  nvolve  at  tlie  same  rate;  but  the  forward  propeller  works  in 
*ti/et  less  agilatvd  than  the  rear  one,  and  consequently  has  greater 
'Sect,  ckOaiog  the  torpedo  ti>  make  a  horizontal  deviation  from  its 
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To  overcome  this  is  the  purpose  of  the  vertical  rudders,  one  of 
which  must  be  at  zero,  and  the  other  adjusted  according  to  data 
arrived  at  by  experiment.  A  deviation  of  1  in  50  is  corrected  by 
fitting  the  rudder  at  15°. 

This  is  one  of  the  improvements  introduced  by  Schwartzkopff, 
the  earlier  patterns  of  the  Whitehead  not  being  provided  with  this 
arrangement. 

Capahilities  of  the  Whiteliead. — The  Whitehead  torpedo  is  capable  of 
the  following  operations  : — 

1.  It  may  be  run  at  any  depth  between  5  and  15  feet  below  the 
surface  of  the  water ;  the  usual  depth  is  10  feet. 

2.  It  may  be  set  to  run  for  any  required  distance,  but  the  longer 
the  distance  the  slower  speed,  as  the  normal  pressure  of  the  air  in  the 
reservoir  has  to  be  reduced  according  to  the  range. 

3.  It  can  be  adjusted  to  stop  after  having  run  any  required  distance. 

4.  It  can  be  sunk  at  the  end  of  its  run  by  the  automatic  action  of 
the  sinking  valve.  This  operation  would  be  resorted  to  in  actual  war 
to  prevent  accidents  from  a  torpedo  which  had  missed  its  mark. 

5.  It  can  be  arranged  to  come  to  the  surface  at  the  end  of  its  run. 
This  operation  is  used  in  practising  with  this  torpedo  to  admit  of  its 
being  recovered. 

The  Whiteliead  is  naturally  buoyant,  and  so  rises  to  the  surface  by 
its  own  buoyancy  on  the  engines  being  stopped. 

In  some  forms  of  servo-motors  a  spring  is  provided,  which  auto- 
matically forces  the  piston  up,  when  the  engines  are  stopped,  and  the 
diving  rudders  down,  tending  to  assist  the  buoyancy  in  bringing  the 
torpedo  to  the  surface. 

6.  It  can  be  started  by  hand  on  the  surface  of  the  water,  and  it  can 
also  be  discharged  or  fired  from  a  tube  or  gun,  either  above  or  below 
the  surface  of  the  water.  It  may  be  discharged  from  these  guns  or 
tubes  by  compressed  air,  steam  impulse,  or  by  a  charge  of  gunpowder. 

Methods  of  using  the  Whitehead, — The  Whitehead  torpedo  was  origi- 
nally intended  to  be  projected  from  a  submerged  tube  fixed  in  the 
stern  of  the  vessel  using  it,  but  its  adoption  as  the  armament  of  boats 
and  special  vessels  has  necessitated  in  addition  its  projection  from 
above,  and  also  from  the  surface  of  the  water. 

The  latter  method  is  a  forced  condition,  due  to  the  torpedo  being 
used  from  small  boats  or  those  not  specially  designed  for  this  service. 
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and  therefore  unprovided  with  Whitehead  giine  or  tubes.  In  this  caae 
the  torpedoes  (one  on  each  side)  are  carried  in  a  light  frame  hung  from 
darit^  When  required  for  use,  it  is  lowered  into  the  water,  and  started, 
al  a  slight  inclination  downwards,  from  the  boat,  the  horizontal 
direction  being  given  by  the  boat's  helm. 

I'nijection  fmm  above  water  has  been  introduced  to  enable  a  great 
number  of  these  torpedoes  to  be  used  at  the  same  time  from  a  special 
torpedo  ship,  or  to  provide  for  broadside  firing  in  an  ordinary  ship  ot 
war,  or  in  torpedo  boats  which  have  not  sufficient  room  below  for 
submergotl  tubes. 

Abnve-Wahr  Projection. — One  of  the  earliest  forms  of  aiowe-water 
projection  is  shown  in  PL  L.,  Fig.  1,  where  G  is  a  door  at  the  inner 
end  of  the  carriage  by  which  the  torpedo  can  be  entered  from  the 
rear,  inside  of  which  there  is  a  telescopic  piston,  to  the  inner  end  of 
which  the  compressed  air  is  admitted ;  an  impulse  tube  is  fixed  to  the 
d>wr.  The  frame  is  provided  with  guides  and  roller,  and  has  an  under 
lip,  some  five  feet  long,  extending  outside  the  vessel,  by  which  the 
rear  part  of  the  torpedo  is  given  a  slight  lift  upwards  as  it  leaves  the 
frame,  for  the  purpose  of  jireventing  an  undue  strain  being  brought  on 
its  rear  or  tail  end  on  entering  the  water.  The  air  is  supplied  from  a 
Tcsorroir  D,  D,  and  passes  through  the  stop  valve  C  and  a  valve 
t-onnected  with  the  handle  B ;  this  handle  also  works  a  stop  which 
prevents  the  torpedo  from  slipping  out  of  the  carriage. 

At  PI.  L.,  Fig.  2,  is  shown  the  over-lip  form  of  aiove-water  broad- 
side carriage. 

At  PI.  L.,  Fig.  3,  is  shown  a  modern  form  of  oiofe-wnter  launching 
lube.  The  tulic  A  is  fixed  into  the  side  of  the  vessel  by  a  ball  and 
iket  joint,  end  is  provided  with  training  and  elevating  gear  B. 

Prejretion  from  Submerged  jf'u/H?«.— The  arrangements  for  launching 
I  Whitehead  from  below  the  surface  of  the  water  are  very  similar  to 
e  foregoing,  with  the  addition  of  a  cap  at  the  outer  end  of  the  tube, 
iich  can  be  o[>ened  by  suitable  mechanism  from  inboard;  also  a 
i|nic<^!  TiUve  to  admit  water  after  the  torpedo  has  been  inserted  and  is 
idy  for  launching,  and  to  prevent  the  entrance  of  wut^-r  after  it  has 

a  dischorgofl. 

At  PI.  LX.,  Fig.  1,  is  shown  the  arrangement  of  bow  submerged  tabe, 

'  ud  At  Fig.  '2,  of  broadaide  submerged  tubes,  adopted  in  U.M.S.  Polif- 

phemn*.    In  both  figures  A  is  the  launching  tube ;  B,  the  air  reservoir ; 
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Cy  the  sluice  val^e  ;  and  D,  the  drain  pipe.  The  dotted  line  extending 
beyond  the  ship's  side  shown  in  Fig.  2  represents  the  guide  bars  and 
shield  for  the  purpose  of  supporting  the  torpedo  until  it  is  clear  of 
the  tube. 

Comparison  of  Above  and  Below  Water  Projection. — ^The  ieZouv water 
discharge  of  the  Whitehead  has  the  advantages  over  oiove-water  dis- 
charge of  affording  protection  to  the  men  in  adjusting  and  manipu- 
lating it,  as  well  as  to  the  weapon  itself,  while  the  torpedo  is  less 
deflected  on  entering  the  water,  and  does  not  need  to  be  so  strongly 
made ;  but  it  has  the  disadvantage  of  not  permitting  of  the  training  of 
the  launching  tube,  the  direction  of  the  torpedo  being  given  by  the 
helm  of  the  vessel. 

Ahove-yvdki&t  discharge  labours  under  the  defects  of  being  liable  to 
disablement  or  the  premature  explosion  of  the  torpedo  by  the  enemy's 
fire,  and  on  account  of  the  variability  of  the  height  above  the  water 
from  which  it  is  discharged,  caused  by  the  rolling  and  pitching  of  the 
ship  or  boat,  its  direction  after  entering  the  water  is  uncertain. 

In  broadside  firing,  greater  accuracy  of  direction  and  less  liability 
to  accident  is  obtained  from  the  a  Jove- water  system  of  discharge  from 
vessels  proceeding  ahead  at  high  speeds,  the  pressure  of  the  passing 
water,  in  submerged  discharges,  tending  to  force  the  nose  of  the 
torpedo  aft  as  it  enters  the  water  before  the  tail  has  cleared  the  side, 
in  some  instances  causing  serious  damage  to  the  weapon.  This  defect 
has  been  eliminated  to  some  extent  by  a  shield  fitted  just  before  the 
exit  port,  and  extending  some  distance  outside  the  ship,  as  shown  in 
n.  LX.,  Fig.  2.  But  as  this  arrangement  has  not  proved  altogether 
satisfactory,  a  new  method  was  tried  in  the  spring  of  last  year  (1887) 
on  board  H.M.S.  Mersey;  the  shield  and  guide  bars  were  dispensed 
with,  and  instead,  long  slits  were  cut  in  the  skin,  the  interior  space 
being  taperal  to  the  impulse  tube  to  allow  the  torpedo  to  be  deflected 
by  the  pressure  of  the  water  without  endangering  the  tail.  While  the 
Mersey  proceeded  at  moderate  speeds,  this  arrangement  worked  satis- 
factorily ;  but  at  18  knots  the  torpedoes  were  badly  scored,  and  some 
were  broken  up  ;  while  those  that  were  launched  safely  were  deflected 
aft  parallel  to  the  keel  of  the  ship,  endangering  the  propellers. 

Eight  astern  fire  has  also  been  found  to  be  very  inaccurate,  due  to 
the  broken  water  caused  by  the  ship's  propellers. 

For  tactical  reasons,  right  ahead,  bow,  broadside,  quarter,  and 
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right  astern  firing  are  necessary  features  of  the  employment  of  the  ] 
Whitehead ;  anfl  when  nseii  in  ships,  for  the  sake  of  protection  alone, 
beh>w-water  diseharge  seems  an  absolute  necessity;  as  however  the 
right  ahead  below-water  discharge  is  the  only  one  possessing  any 
high  degree  of  accuracy,  the  Whilelwad  is  even  now  far  from  Iiuving 
attained!  that  degree  of  perfection  as  a  naval  weapon  that  its  general 
adoption  would  warrant 

liruthfrhood's  Launehing  Tidies. — The  Brotherhood  system  of  dis- 
charging Whiteitead  tori>od<ie8  vnder  water  is  shown  in  PI.  LI.,  where 
Fig.  )  is  a  side  view.  Fig.  2  a  sectional  plan.  Fig.  3  an  end  view. 
Fig.  4  a  plan  of  the  front  part  showing  the  mechanism  for  working 
the  extenutl  gnide  bar,  and  Fig.  5  a  front  view  thereof,  the  side  of  the 
ship  being  supposed  to  be  removed  to  show  the  internal  construction. 
Within  a  stationary  cylindrical  casing  A  two  tubes  B,  £'  are  provided, 
open  at  both  ends,  anfl  fixetl  parallel  to  each  other  to  two  end  discs  C,  C, 
which  arc  fitted  to  revolve  on  stationary  trunnions  e,  e.  projecting 
inwards  from  the  ends  of  the  casing  A,  A  shaft  D,  worked  by  suitable 
gCMring,  has  on  it  pinions  d,  iT,  which  gear  with  teeth  on  the  discs  C,  (7", 
•o  that  by  turning  the  shaft  D  these  discs,  along  with  the  tubes  B,  B*, 
out  be  caused  to  revolve  within  the  casing  A.  When  the  tubes  are  in 
one  pusitjon,  as  shown  in  Fig,  2,  a  torpedo  T,  wliidi  is  laid  on  a  guide 
trough  E,  can  be  pushed  into  the  one  tube  D  through  a  hole  in  the 
fine  end  of  the  casing  A,  and  another  torpedo  jT",  which  is  in  the  other 
tulw  C,  can  by  means  of  a  prajwlUng  ap]>aratiis  F  be  pusheit  out 
thmugh  a  holo  tn  the  opposite  end  of  tbe  casing  A,  which  hole  is 
onnnccted  by  a  pipe  provided  with  a  sluice  valve  G  to  the  side  ff  of 
th»!  TRSSoI.  When  the  torpedo  T"  has  been  discharged,  the  tubes  B,  i?', 
arv  turmxl  half  a  revolution  round  their  common  axis,  and  the  tor- 
peijo  T  in  its  tube  B  is  thus  brimght  into  position  for  being  discharged, 
whilst  iho  empty  tnl>o  B'  is  brought  into  position  for  receiving  a  fresh 
torptxhi.  On  the  unt«idc  of  tho  vessel  is  provided  a  recess  in  which  a 
-iiiiit-  bar  /  lifs  while  the  torpedo  apparatus  is  not  in  use.  This  bar 
rlxcil  Iti  (111  axis  i,  which  extends  upwards  through  a  stufling-box, 
'■.'I  lui»  fixe*l  on  it  a  t'xtthuil  sector  gearing  with  a- worm  J.  By 
I  rning  this  worm  by  meamt  of  a  hand  wheel  j,  the  bar  /  ia  caused  to 
:  >T«  tu  the  position  shown  by  tho  dotted  lines  I'  in  Fig.  2  in  lino 
■:\  till'  discharge  tube.  .  Tho  bar  /  has  a  groove  along  it  corr^ 
-.  uiil:  with  agrooTo  m  each  of  the  tubes  B,  B\  which  serve*  as  • 
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p^ide  to  the  torpedo,  a  stud  on  the  side  of  the  torpedo  passing  along 
this  groove. 

A  pipe  K,  famished  with  a  sluice-valve  ft,  leads  from  the  external 
water  to  the  end  of  the  casing  A^  into  which  it  opens  in  line  with  the 
tube  B^.  This  admits  water  behind  the  torpedo  as  it  is  urged  along 
the  tube.  A  pipe  L  leading  to  the  bilge  of  the  vessel  has  a  segmental 
opening  I  into  the  casing  A,  so  that  when  the  tube  B^,  from  which  a 
torpedo  has  been  discharged  and  which  is  then  full  of  water,  is  moving 
round  to  the  position  of  B  for  receiving  a  fresh  torpedo,  it  is  emptied 
of  its  water  by  the  pipe  L. 

When  the  torpedo  apparatus  is  not  in  use,  the  guide  bar  I  is  folded 
back  into  the  recess,  and  the  sluice- valves  G  and  ft  may  be  closed,  so 
that  the  apparatus  can  be  removed,  or  access  can  be  got  to  it  for 
cleansing  or  repair,  all  communication  with  the  external  water  being 
cut-off. 

At  PI.  LII.  is  shown  the  Brotherhood  system  of  oJore-water  dis- 
charge for  use  in  ships  or  torpedo  boats. 

Fig.  1  is  a  side  view.  Fig.  2  an  end  view,  and  Fig.  3  a  plan  of 
apparatus  for  launching  a  torpedo,  which  is  shown  at  Ay  Fig.  1,  as  it 
is  placed  in  the  launching-frame  ready  for  being  propelled  in  the 
direction  of  the  arrow ;  Fig.  4  is  a  view  from  the  inside,  drawn  to  an 
enlarged  scale,  of  part  of  the  upper  frame,  with  the  detent  or  catch 
apparatus  for  the  middle  wings  of  the  torpedo ;  and  Fig.  5  is  a  trans- 
verse section  on  Z,  Z,  of  Fig.  4.  A  vertical  section  of  the  end  of  the 
the  upper  frame,  with  its  catch  for  the  end  of  the  torpedo,  is  shown  at 
Fig.  0.  B  is  the  lower  frame  or  carriage,  which  is  pivoted  at  b  and 
is  supported  on  a  pair  of  front  wheels  or  rollers  l^,  and  a  pair  of  hinder 
wheels  or  rollers  b^  running  on  circular  ways,  so  that  the  carriage  can 
be  trained  to  various  angles  of  direction.  In  the  carriage  are  fixed  a 
number  of  receivers  C,  in  the  form  of  strong  tubes  communicating  by 
pipes  witli  each  other,  for  holding  the  charge  of  compressed  air.  There 
is  also  fixed  in  the  carriage  B  a  cylinder  D,  fitted  with  a  telescopic 
piston,  the  rod  of  which  is  attached  at  d  to  the  lower  sliding-frame  E. 
This  sliding-frame  is  fitted  with  dovetail  guides  e  on  the  upper  face  of 
the  carriage  B,  and  it  has  two  ears  e^,  e^,  embracing  side  rods  «^,  e^ 
which  have  at  their  front  ends  helical  buffer-springs  e^,  (?.  On  the 
upper  face  of  the  lower  sliding-frame  E  is  fitted  with  guides  the  upper 
sliding-frame  Fy  having  antifriction  rollers/,/. 
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The  torpedo  lias  near  tlie  middle  of  its  length  a  wing  a  projecting 
outwards  nt  each  side,  and  resting  on  a  flauge  f  projecting  inwardly 
from  (he  frame  F,  in  which  position  each  wing  is  held  by  a  catch  /• 
that  is  pressed  upwards  by  a  spring  f,  and  has  a  tail  /*,  by  whiclt  it 
is  rrk^ttsod,  as  will  hereafter  be  expUined.  At  the  end  of  the  upper 
slide  F,  which  lerrainales  in  a  cage  enchising  the  end  of  the  torpo«lo, 
ih^ro  is  n  hook  d',  which  is  engaged  by  a  spring  bolt  g  fitted  to  slido 
ia  A  bracket  projecting  upwards  from  the  end  of  the  carriage  B.  This 
Hprttig  bolt  is  connected  by  a  lerer  j'  and  rod  </  to  the  handle  j/^  of  a 
three-way  Cflck  G,  nliieh  communicates  by  pipes  with  the  receivers  C, 
lb>'  cj'lindcr  D,  and  u  ilischarge.  The  connection  of  the  roil  y'  to  the 
handle  </  is  formed  by  a  pin  working  in  a  slotted  hole,  so  that  it  is 
only  during  the  last  part  of  the  downstroke  of  the  handle  that  the 
spring  Itult  tf  is  ratseil 

The  operation  of  the  apparatus  is  as  follows: — The  torpedo  A 
being  placwl  bo  that  its  wings  a  rest  on  the  flanges  of  the  upper 
ftlitling  frame  F.  and  that  the  end  hook  a'  is  engaged  by  the  bolt  ff, 
the  lower  frame  or  carriage  B  is  trained  so  as  to  direct  the  torjHtdo  in 
the  required  line  of  flight.  When  it  is  to  be  launched,  the  handle  ff* 
is  ptubed  down,  moving  the  cock  ^  so  as  to  admit  compressed  air  from 
the  receivers  G  to  the  cylinder  D,  and  as  the  handle  completes  its 
dowDftroke  it  withdraws  the  )xdt  g  from  engagement  with  the  hook  a'. 
The  preasnre,  acting  on  the  piston  in  D,  moves  it  rapidly  forwards, 
propoUing  the  loner  sliding  frame  E,  the  uppor  sliding  frame  F.  and 
the  torpedo  A.  ^Vhen  the  lower  sliding  frame  E  strikes  the  bufier 
■pringse*,  which  orr-sl  its  forward  movement,  the  upper  frame  F  and 
the  lorpeilo  A  are  carried  onwanl  by  their  momentum,  and  as  the 
bsmo  F  approaches  stops  e*,  c',  at  the  end  of  the  frame  E,  the  tails  /* 
tt  the  catches  /"  are  pushed  upwards  by  meeting  tappets  e*;  the 
wiags  a  of  the  torpe<lo  being  thus  released  by  withdrawal  of  tho 
etUbet/*,  the  torpedo,  in  virtue  of  its  momentum,  continues  its  flight. 

CKHet'a  SgeUm  0/ Dii^harge. — Hitherto  the  discharge  of  WJtit^ieada 
hw  been  effected  by  citlicr  cumpreseed  air  or  steam  impulse,  the  latter 
bnag  a  apecia]  method  devised  for  use  in  the  small  (second-class) 
taqwdu  boats;  but  the  Canct  system  of  gunpowder  impulse,  by  reason 
of  its  great  simplicity  and  chiuipuess.  is  gruduidly  aujierseding  both  of 
IW  foregoing  methods. 

When  first  this  new  systi-ui   of   imimlsi'  \\n»   introduced,   it  utu 
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thooglit  tKat  h  miglit  injnre  tlie  rodder  and  other  exposed  parts  of  the 
rear  end  ot  the  torpedo,  but  by  nsing  a  speciallT  prepared  gunpowder 
this  tronble  has  not  been  experienced,  the  pressnre  being  reduced  to  a 
minimiun.  and,  by  a  peculiar  arrangement  of  disch^irge,  the  gases  are 
distributed  pp^gressiTelT  and  evenly  oyer  the  circumference  of  the 
torpedo. 

It  was  further  considered  that  powder  impulse  could  not  be  used 
for  firing  Wkiieheads  wader  water,  but  by  securing  the  following  con- 
ditions it  is  as  practicable  to  discharge  such  a  torpedo  under  water  by 
powder  as  by  any  other  impulse : — 

1.  The  charge  must  be  increased. 

2.  The  charge  must  be  kept  dry. 

3.  The  ingress  of  water  into  the  powder  tube  after  the  torpedo  has 
been  discharged  must  be  prerented. 

Description  of  Mechanism, — ^The  Canet  system  of  discharge  consists 
of  powder  impulse,  and  special  forms  of  torpedo  tubes. 

The  tube  is  made  of  bronze  or  steel.  The  torpedo  is  guided  inside 
this  tube  by  means  of  one  or  two  grooTCS  running  parallel  to  the  axis 
of  the  tube. 

A  bolt  i,  PI.  LV.,  Fig.  1,  placed  inside  the  tube,  works  the  starting 
leyer  of  the  torpedo  as  it  is  driven  out  of  the  tube. 

As  this  starting  bolt,  which  is  placed  inside  a  box  situated  towards 
the  middle  of  the  tube,  ought  to  be  often  inspected.  Mens.  Canet  has 
devised  a  means  of  quickly  closing  this  box,  which  ensures  its  being 
perfectly  watertight,  as  shown  at  PL  LIV.,  Figs.  1  and  2. 

The  lid  is  raised  by  a  coarse-threaded  screw,  which  is  worked  by  a 
crank-handle  or  lever. 

The  female  part  of  this  screw  is  formed  by  a  block  of  bronze,  which 
is  free  to  pivot  on  an  axis.  Half  a  turn  of  the  screw  raises  the  lid, 
and  the  crank-handle  is  then  locked  to  the  block  by  means  of  a  spring. 
The  crank-handle,  continuing  to  turn  in  the  same  direction,  slides  the 
block  and  lid  clear  of  the  opening,  and  the  starting  bolt  is  exposed  to 
view  and  its  condition  can  be  inspected. 

The  reverse  of  this  operation  slides  the  lid  over  the  opening  and 
screws  it  up  as  tightly  as  possible. 

A  locking  bolt  in  the  rear  part  of  the  tube  bears  against  the  tail- 
frame  of  the  torpedo,  and  prevents  it  from  sliding  out  of  the  tube 
when  the  ship  is  rolling.     Occasionally  a  second  bolt  is  added  to  the 
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iftpper  part  of  the  tnbe,  and  sometimes  also  these  twn  bnlta  are  placed 
on  a  horizontal  piano  (at  the  sides  of  the  tube) ;  and  fi>r  torpedo-boat 
tubes,  where  llie  vibration  is  very  groat,  brakes  are  added,  which  by 
prMsing  flimly  against  the  torpedo  render  it  immovable. 

The  breaeh,  shown  at  I'l.  LIV.  at  Figs.  3,  4,  and  5,  is  closed  in  the 
Inwing  manner : — 

The  door,  working  on  a  hinge  at  the  side  of  the  tu1>e,  is  secured  by 
mi^iis  of  a  movable  inillar,  which  is  screwcrl  to  tho  hinder  part  of 
the  tal>e. 

The  door  is  divided  on  its  outer  circumference  into  sectors,  some  of 
which  are  cut  away ;  and  the  collar  has  cut  on  its  inside  edge  corre- 
^    Bponding  sectors, 

^m       liy  means  of  a  pinion  crank  and  a  cog-wheel  working  on  the  thread 

HUfthe  collar  screw,  this  collar  can  be  turned  and  its  full  sectors  brought 

^■d  bear  against  those  of  tho  door.      By  a  special  arrangement  this 

^Movable  collar  allows  the  door  to  be  pressed  against  the  edge  of  the 

^raee«h  of  the  tube  with  a  gradually  increasing  pressure,  and  the  joint 

is  made  by  a  special  packing  inserted  in  a  groove  round  the  base  of 

the  tube.      When  the  door  is  not  connected  with  the  screw  collar 

(movable  collar),  tho  pinion  crank  butts  against  a  stud,  which  prevents 

it  from  turning  further. 

When  the  fittings  on  Imard  a  ship  do  not  allow  of  the  use  of  a 
pinion  crank,  nr  when  this  crank  is  hampered  by  tho  elevation  of  the 
tube,  the  collar,  which  is  then  acted  upon  directly  by  means  of  a  lever, 
oui  be  kept  tinnly  in  ita  phtce  against  the  tube  by  a  l>olt,  which  is 
preased  by  the  door  when  it  is  opened. 

The  cartridge  for  giving  the  impulse  to  the  tor^iedo  is  of  a  par- 
licnlar  shape,  and  is  made  up  with  a  special  kind  of  powder.  It  ih 
pWcd  in  a  i^vity  bored  into  the  inner  face  of  the  <loor,  and  so  arranged 
that  the  gases,  when  the  powder  is  Sred,  strike  the  sides  of  the  tube 
beforc  reaching  the  torpedo. 

The  powder  cliamber  is  sufficiently  large  to  admit  of  several  chargoa  ] 
Iwing  nsed.     It  is  thus  possible  to  increase  the  charge  when  necessary, 
for  iostanoe,  when  there  is  water  in  the  tube,  or  when  it  is  required  to 
ugment  the  impulse  of  discharge. 

The  charge  in  fired  by  means  of  an  obturating  percussion  tul)e, 
nhich  is  pUtced  in  a  vent  in  the  centre  of  the  door.  This  percussion 
tnV-  can  l>e  Temovo«I  by  means  of  a  clnw  extractor. 
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A  bolt,  sliding  in  a  yertical  groove  in  the  breech,  carries  a  hammer, 
which  can  turn  on  a  pivot  placed  on  the  bolt.  This  hammer  has  a 
toothed  tail  working  into  a  rack  fixed  on  the  door.  When  the  bolt 
ascends,  the  rack  works  the  ta,il  of  the  hammer  and  forces  it  against 
the  striker,  which  at  this  moment  has  come  on  top  of  the  per- 
cussion tube. 

The  firing  lever,  which  acts  on  the  bolt  and  causes  it  to  ascend,  is 
worked  by  a  strong  spring  to  push  it  forward. 

A  catch  keeps  it  in  its  place  until  the  mechanism  is  started  either 
by  an  electro-magnet  or  by  hand. 

The  locking  bolt  of  the  torpedo  is  worked  by  a  lever  fixed  to  the 
same  spindle  as  the  firing  lever.  The  hammer  only  strikes  the  striker 
when  these  levers  are  at  the  end  of  their  stroke ;  the  locking  bolt  of 
the  torpedo  is  therefore  free  before  the  charge  is  ignited. 

A  stop  placed  at  the  bottom  of  the  screw  collar  projects  when  the 
door  is  not  properly  closed,  and  thus  prevents  the  firing  lever  from 
working,  and  consequently  the  torpedo  from  being  prematurely  dis- 
charged. 

A  circuit  closer  is  arranged  so  that  the  torpedo-officer  can  discharge 
the  torpedo  from  a  distance.  A  bell  with  an  independent  circuit 
informs  him  whether  the  battery  and  circuit  are  in  working  order 
or  not. 

To  prepare  the  firing  gear  the  springs  are  compressed  by  means  of 
a  lever  working  in  a  socket,  and  they  are  kept  compressed  by  a 
tumbler. 

A  safety-pin  prevents  the  tumbler  from  being  slipped  by  accident 
and  the  torpedo  prematurely  discharged. 

Description  of  Tvbe  Mounting, — The  torpedo  tubes  are  either  fixed, 
as  is  the  case  in  the  bows  of  many  torpedo  boats,  or  they  are  movable, 
as  when  fitted  on  the  decks  of  torpedo- vessels,  cruisers,  and  battle-ships. 

Fixed  tubes  for  torpedo  boats  are  generally  placed  in  the  boats 
with  the  fore  end  slightly  depressed  and  slightly  bevelled  off. 

The  torpedo  boat  should  be  fitted  with  a  water-tight  shield  to 
prevent  the  water  entering  the  tube,  this  shield  being  worked  from 
inboard  by  a  long  rod. 

The  Crtnet  tubes  have  rather  more  elevation  when  placed  in  the 
smaller  torpedo  boats,  so  that  the  tube  should  not  be  too  much  de- 
pressed when  the  trim  of  the  boat  is  altered  by  the  consumption  of  coal. 
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The  system  of  tiring  is  the  same  as  that  nhich  has  already  been 
expliiined ;  but,  as  tite  boats  generally  carry  tno  tubes,  tbc  firing  gear 
ia  syuiuietrically  placed  on  the  outer  sides  of  those  tubes. 

The  locking  tumbler  is  generally  worked  by  baud  by  means  of  a 
long  rod,  which  is  worked  by  a  lever  in  a  convenient  position  for  the 
officer  iu  the  conning  tower. 

Oil  board  torpedo-vessels  the  growiug  tendency  is  to  place  the 
tabes  on  <]eck  as  high  as  possible  above  water. 

The  tube  ia  quite  unprotected ;  but  the  advantage  of  being  able  to 
disebarge  a  torpedo  a-beam,  when  steaming  full  speed  jtast  the  enemy, 
il  considered  to  conntorbalance  it^  exposed  condition. 

The  tubes  can  be  in  some  meusurc  protected  by  a  steel  shield, 
which  revolves  with  the  tube. 

Tlie  tubes  on  deck  are  mounted  either  singly  or  in  pairs ;  in  the 
latter  case  their  axes  are  either  parallel  or  divergent ;  if  parallel,  they 
an-  fireil  at  the  same  object  with  a  slight  interval  of  time  between  the 
two  discltarges. 

At  n.  I'V.,  Figs.  I  and  2,  is  shown  the  Canet  method  of  movable 
deck-tubes  as  alremly  fitted  on  board  several  to rjredo- vessels  ;  the  tube, 
mounted  on  trunnions,  is  placed  on  a  platform,  which  has  a  circular 
tack  worked  by  a  fixed  pinion.  Thia  pinion  is  worked  fiom  below  the 
di>ck,  aud  trains  the  tubes  iu  any  direction. 

The  elevation  is  obtained  by  an  elevating  screw  working  in  a  block 
fixed  in  u  socket  in  rear  of  the  tube. 

As  this  platform  is  very  heavy,  even  without  the  tubes,  Mons.  Canet 
fau  deviled  an  alternative  arrangement,  us  shown  in  PI.  LV.,  Fig.  2. 

The  tube  is  here  sup]>orted  by  a  jointed  pivot.  The  rear  frame  of 
tbe  lube  ia  connected  to  the  pivot  by  a  hollow  rod  which  hooka  to  tho 
tr»iniug  circle  fixed  to  the  deck.  The  rear  frame  carriea  the  elevating 
•crew,  and  also  a  pinion  worked  by  a  wheel.  A  cog-wheel  at  the  lower 
en^l  of  this  pinion  works  into  the  rack  of  the  training  circle,  and  by 
thia  mecuis  the  required  lateral  training  is  obtained. 

A  tube  moitntcd  thus  on  the  after  {wrt  uf  a  vessel  has  a  large 
angle  of  fire  both  ahead  and  ustern. 

On  boanl  cruisers  and  battle-ships  tho  tubes  are  generally  mov- 
«Ue  aad  placed  on  the  decks  or  under  the  beams,  according  to  the 
moat  desirable  position  or  the  amount  of  room  there  is  to  spare. 

Tho  tultcs  are  mounted  on  a  carriage,  which  is  made  up  of  two 


lifH  TlM ''CAifteC  qy«fi«  oCFiriiis  the  «'WldteiiMd."         'CukP.  n. 


jiM^franu^  boaad  togelher  by  stays.  One  of  the  croas-suys  has  fitted 
t//  it  a  hand-wheel,  which  works  the  elerating  screw  on  the  tnbe. 

T}ie  entire  carriage  is  supported  by  a  frame,  which  tnrels  cm  a 
circolar  racer  fixed  to  the  deck  or  suspended  by  the  beams. 

The  laying  of  the  tn)/e  is  much  facilitated  by  using  a  multiplying 
whe^^l  for  elevating,  which  works  into  an  arc  on  each  side  of  the 
carriage. 

The  training  for  direction  is  effected  by  means  of  a  chain  windkss 
or  by  tackles  hooked  to  the  ship's  side. 

In  certain  cases  a  screw  stop-bolt  enables  the  tube  to  be  fixed  in  a 
rr^|uired  direction. 

For  firing  abeam,  spoon-shaped  tubes  are  generally  used,  as  shown 
in  Pis.  LV.  and  LVI. 

Tho  cylindrical  part  of  the  tube  being  sufBciently  long  to  admit  of 
the  oxjiansion  of  the  gases  imparting  to  the  torpedo  a  sufficient  velocity, 
the  upper  part  is  carried  on  in  the  shape  of  a  half  cylinder,  or  bevelled, 
still  retaining  the  original  diameter  of  the  tube.  This  part,  called  the 
MiKx>n,  is  sufficiently  long  to  allow  of  its  supporting  the  weight  of  the 
torpedo  until  the  tail  is  clear  of  the  tube  proper. 

The  torjMido  is  gupported  in  the  tube  and  along  the  spoon  by 
T-irons  fixed  on  the  torpedo  in  line  with  its  centre  of  gravity  and 
working  in  grooves  inside  the  tube.  The  torpedo  thus  falls  into  the 
water  perfectly  horizontally. 

I  n  cases  where  spoon-shaped  tubes  are  used,  and  when  on  account 
of  the  i)r()truding  lines  of  the  water-lines  of  the  vessel  the  tube  projects 
too  far  from  the  ship's  side,  it  has  been  necessary  to  make  a  particular 
lit  ting  to  enable  the  tube  to  be  nm  in,  either  for  securing  it  or  for 
inserting  the  t()rj)edo. 

If  the  tubes  are  on  deck,  as  in  PI.  LVI.,  Fig.  3,  the  fore  part  has 
H  H(HH)n(l  frame,  the  rollers  of  which  work  in  a  movable  socket,  and 
which  pennit  the  tube  to  bo  easily  trained  to  the  loading  or  securing 
poMition. 

I  f  the  tube  is  worked  under  the  beams,  as  in  PI.  LVI.,  Fig.  1,  the 
rear  frames  has  a  transom  on  it  pivoting  on  the  same  axis  as  the  tube; 
the  <*arriage  has  two  rollers,  which  work  on  the  transom,  and  the 
foremost  frame  also  works  on  this  transom.  This  transom  is  prolonged 
by  a  similar  one,  on  which  the  tube  travels  to  the  loading  or  to  the 
securing  position.    This  latter  transom  is  itself  suspended  from  the 
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beams  by  hooks  working  on  rollers,  so  that  the  tube  can  be  secured  in 
any  position  as  most  convenient. 

Mens.  Canet's  method  of  fixing  the  tubes  to  the  ship's  side  has 
been  planned  with  a  view  to  obtaining  as  small  a  port-hole  as  possible 
and  a  perfectly  water-tight  joint. 

The  port  should  be  closed  immediately  the  torpedo  is  discharged, 
and  kept  closed  until  another  torpedo  is  about  to  be  fired,  the  crew 
remaining  under  cover  while  preparing  the  torpedo. 

On  the  fore  part  of  the  tube  is  a  spherical  disc  forged  or  bolted  on 
to  it.  This  sphere  works  into  a  similar  hollow  sphere,  which  is  fixed 
to  the  ship's  side  in  the  port.  This  ball-and-socket  joint  is  so  arranged 
that  the  tul>e  can  be  pointed  in  every  direction.  A  spherical  collar  is 
put  over  the  inner  part  of  the  disc  on  the  tube,  and  this  collar  is 
connected  to  the  hollow  part  joined  to  the  ship's  side,  either  by  a 
bayonet  point  when  one-eighth  of  a  turn  is  required  to  connect  them, 
or  else  they  are  connected  by  bolts. 

31.  Canet  uses  the  same  sort  of  attachment-collar,  made  up  of  two 
spherical  pieces  connected  to  the  piece  on  the  ship's  side  by  means  of 
hinges.  The  two  parts  are  brought  together  by  a  forked  bolt,  which  is 
c*lampe<l  over  two  projecting  bolts,  and  the  spherical  end  of  the  tube  is 
thus  locked  in  its  socket. 

When  it  is  required  to  run  in  the  tube,  it  is  only  necessary  to 
disconnect  the  collar  and  the  spherical  part  on  the  tube  is  free.  The 
tube  being  run  in  clear  of  the  side,  the  port  can  be  closed,  as  shown  in 
PL  LVL,  Fig.  2. 

If  it  is  required  to  give  the  tube  extreme  training,  it  would  then  bo 
necessary  to  use  a  sphere  of  very  large  dimensions,  in  which  case  the 
end  of  the  tube  is  secured  to  the  ship's  side  by  means  of  a  particular 
kin<l  of  (Garden)  collar. 

The  dimensions  of  the  port  can  then  be  even  more  reduced,  though 
no  advantage  is  gained  by  this  in  rendering  it  more  perfectly  water- 
tight. 

Tube  frames  are  used  for  torpedoes  intended  to  be  started  under 
water  without  any  impulse.  They  are  made  of  four  bronze  rods  kept 
in  place  by  iron  hoops. 

These  tubes  are  placed  outside  boats  or  ships,  and  slide  up  and 
down  on  racers  specially  arranged  outside  the  hulL 

The  tube,  charged  with  a  torpedo,  is  lowered  into  the  water,  and 


20(J  The  '^CAiiet''  BiwUm  c€Tiiin%  the  «« WluteliBad.*       [Chjip.  n. 

the  torpedo  can  be  started  by  working  its  starting  lerer  bjr  means  of  a 
tumble  on  the  tabe  worked  by  a  long  rod  from  inboard. 

The  tabes  are  lifted  inboard  when  not  in  use,  so  as  not  to  impede 
the  ship's  progress  throngh  the  water. 

This  tube  frame  is  most  useful  in  adjusting  the  torpedoes.  As  this 
adjustment  takes  place  in  harbour,  the  vertical  racers  are  replaced  by 
a  fixed  platform,  which  holds  the  frame  under  water.  As  the  torpedo 
is  then  started  only  by  its  own  screw,  it  cannot  be  subjected  to  any 
outside  disturbing  cause,  and  the  course  it  takes  will  depend  on  its 
adjustment. 

Defence  of  Channels  ly  the  Whiiehead. — ^The  Canet  torpedo  tube, 
mounted  on  a  movable  carriage  of  a  special  type,  somewhat  like  that 
mounted  on  the  decks  of  ships,  can  be  usefully  employed  for  the 
defence  of  narrow  channels  and  rivers. 

The  tubes  can  be  easily  arranged  for  mounting  on  the  special 
carriage. 

The  impulse  being  obtained  by  gunpowder^  the  tube  is  always 
ready,  and  can  be  transported  by  land  or  on  a  boat  to  the  threatened 
l>oint.  By  this  means,  in  certain  cases,  it  might  be  feasible  to  disi>ense 
with  submarine  mine  defence. 

The  simplicity  and  easy  manipulation  of  this  weapon  permits  of  its 
being  htistily  put  into  a  steam  or  rowing-boat,  when  it  would  be  capable 
of  lending  eflScient  assistance  in  a  night  attack. 

The  Advantages  of  the  Canet  System. — For  the  discharge  of  White- 
lieads  by  powder  impulse,  and  the  mode  of  mounting  the  tubes  devised 
by  Mons.  Canet,  the  following  advantages  are  claimed : — 

1.  The  torpedo  tube  is  always  ready. 

2.  The  torpedo  can  be  discharged  with  certainty,  even  when  the 
firing  gear  is  out  of  order.  It  is  suflScient  to  raise  the  stop-bolt  with  a 
lever,  and  to  knock  the  striker  with  a  hammer. 

3.  A  great  excess  of  power  is  stored  up  in  compressing  the  spring 
of  the  firing  gear,  therefore  the  locking  bolt  is  freed  directly  the 
circuit  closer  is  i)ressed,  even  though  it  were  jammed  by  the  torpedo 
working  on  it  through  the  ship's  motion. 

4.  The  charge  cannot  be  fired  unless  the  breech  is  properly  closed 
and  the  locking  bolt  raised. 

5.  The  gas  of  the  firod  powder  cannot  injure  the  rear  part  of  the 
torpedo,  and  the  manner  in  which  the  pressure  is  distributed  enables 


YARROW    SYSTEM     OF     DOUBLE    TUBES. 

-III. 


Cur.  IL]        Th*  «  Tarrow  "  Uethod  of  Double-Tube  Si«oIiarg«.  201 

lieavjr  charges  to  be  used.  This  is  jMirticularly  useful  in  torpedo  boata, 
where  it  is  uec.essury  tu  tiugment  the  charge  ua  account  of  the  tube 
und  gear  being  full  of  water, 

»6.  The  working  of  the  breach  and  other  gear  is  very  easy. 
7,  The  obturation  is  very  good. 
8.  The   sj-atcni   offers  all   the   advantages  of  electric   Bring   (in- 
sbintuiieousiiess,  and  enabling  the  i^iharge  to  be  fired  fconi  a  dbtance), 
logethur  with  the  advantage  of  firing  with  a  percussion  fuze,  which  is 
very  sure  and  never  misses  fire. 

D.  The  carriage  admits  of  the  tube  being  handled  with  rapidity 
Uid  jirra^iision. 

10.  The  whole  arrangement  can  be  firmly  secured  in  bad  weather. 
The  ball  and  socket  arrangement  considerably  minimises  the  opeuiug 
re<juir(>d  in  tlie  ship's  side,  and  yet  allow  of  extreme  training  being 
obtained,  while  it  prevents  the  entry  of  water  either  with  the  port 
open  and  the  tube  ia  its  place,  or  with  the  jwrt  closed  and  the  tube 
nm  in. 

11.  Tho  gear  is  reduced  to  a  miuimiuu,  both  at  the  fighting  phtce 
of  the  tube  and  at  the  securing  place. 

^H     12.  The  tube  being  run  ittboard  to  be  loaded,  this  operation  can  bo 
^^fcrfuruied  in  all  safety. 

^V  Yarrow  DouUc  Tube  DUcharge, — In  the  larger  class  of  torpedo 
boats  recently  built,  an  arrangement  devised  by  Mr.  Yarrow  is  used 
for  the  tlischargo  of  their  Whiidu:ads,  which  consists  of  two  tubes 
mounted  on  a  turn-table,  having  a  slight  angle  between  them;  each 
pair  of  tubes  can  bo  trained  through  a  considerable  angle,  and  if  tho 
two  torpedoes  are  firod  together  the  chance  of  a  hit  is  much  increased. 
This  system  is  illustrated  in  PI.  LIIL,  where  Fig.  1  is  a  cross 
■wtional  elevation  and  Fig.  2  a  plan  of  part  of  a  torpedo  boat  fitted 
with  Uunrbing  apparatus  arranged  to  carry  two  torpedoes.  A  Aw  tho 
Wt,  ni»on  the  deck  of  which  is  mounted  a  turn-table  B  B,  which  is 
•3ipal>le  of  being  turned  to  any  ret|uired  [xwitiun  by  means  of  the 
internal  wheel  and  pinion  and  bevel  wheels  C.    The  turn-table  B  carries 

Ptvo  fixed  guns  or  tubes  D  for  ejecting  the  torpedoL's,  the  centre  lines 
p(  which  guns  arc  shown  in  plan  at  Fig.  2  to  diverge  from  each  other 
••nwds  their  ejecting  months  at  a  small  angle. 

Fig.  3  is  a  diagram  illnstratiug  an  attack  by  a  Iorj>edo  boat  (shown 
I        u  ^  fiU(Kl  sith  tiu9  system  uf  luunchiug  apparatus  upoa  au  iron- 
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chul  I?y  aay  300  feet  long,  going  in  the  direction  from  £*  to  JP,  at, 
i*ay,  500  yar^la*  range  from  the  torpedo  Uiat.  The  paths  of  the  torpedoes 
are  ghoHii  by  the  dotte^l  lines  G  IT,  and  show  that,  by  the  simnltaneons 
(\m'hiiT^/:  of  the  two  torjje^lrjes,  a  hit  by  one  of  the  torpedoes  is  secnred 
even  if  a  fy^nsiderable  error  be  made  in  aim,  judgment  of  distance,  or 
spee^l  of  the  enemy,  for  it  will  be  seen  the  vessel  would  be  hit  if  in  the 
jKisitiou  E^  or  E^  or  any  intermediate  position. 

More  than  two  launching  tubes  D  may  be  similarly  arranged  if  so 
desire^l. 

Inaccuracies  in  Practice. — There  are  two  important  errors  to  which 
the  Whitehead  class  of  torpe<lo  is  liable  to  in  actual  practice,  and  either 
of  which  may  occasion  a  lost  shot. 

The  first  error  which  may  occur  is  in  beam  firing  if  the  corr^t 
deflection  due  to  the  angle  at  which  the  torpedo  enters  the  water  is 
not  allowed. 

The  amount  of  deflection  of  the  torpedo  will  depend  on  the  speed 
of  the  ship  discharging  it,  and  the  velocity  of  projection  when  fired 
against  a  stationary  target — the  greater  the  speed  of  the  ship  the 
greater  will  be  the  deflection ;  and  the  greater  the  velocity  of  pro- 
jection of  the  torpedo  the  less  will  be  its  deflection.  From  data 
obtiiined  from  actual  experiments  a  table  of  deflections  can  be  made 
out  for  various  speeds.  This  deflection  is  usually  about  one  degree 
2)er  knot  of  speed  of  ship. 

Two  other  tables  of  deflections  will  then  be  necessary  in  the  case  of 
a  moving  target — one  when  the  target  is  moving  on  a  course  parallel 
and  opposite  to  that  of  the  ship,  and  the  other  when  the  target  is 
l)roceeding  on  the  same  course  and  parallel  to  the  ship. 

The  accuracy  of  the  practice  will  depend  upon  the  correctness  of 
th(}  estimate  of  the  speed  of  the  target ;  but  as  the  target  (a  passing 
vessel  broadside  one)  presents  a  large  mark,  a  very  considerable  error 
in  the  estimated  speed  may  be  made  at  short  ranges  and  with  high- 
speed torpedoes,  without  actually  occasioning  a  lost  shot 

A  20-knot  torpedo  fired  at  a  first-class  man-of-war  at  a  range  of 
JlOO  yards,  would  permit  of  a  mistake  in  the  estimate  of  her  speed  of 
3ji  knots  either  way  without  causing  the  torpedo  to  miss. 

The  faster  the  torpedo  the  greater  chance  there  is  of  a  successful 
shot. 

Torpedo    Director. — The    torpedo    director,   shown  at    PL  LXI., 
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Fig.  1,  consists  of  a  brass  semicircalar  casting  A,  A',  faced  and 
graduated. 

It  is  provided  witli  tno  adjustment  bars  B  and  C,  and  one  directive 
l>ur  D.  The  bars  B  and  D  are  pivLitcd  at  a,  while  C  may  be  clamped  in 
any  position  on  B  and  D;  B  ia  engraved  "Speed  of  Torpedo";  and 
C,  "  Speed  of  Enemy,"  both  being  marked  in  knots.  The  graduated 
arc  A  is  termed  the  "  Bearing  Circle."  The  direction  bar  D  is  provided 
hrith  two  sights. 

■  The  nse  of  this  instrument  is  as  follows :  Suppose  speed  of  torpedo 
to  be  20  knots,  speed  of  enemy's  vessel  crossing  the  bow  18  knots,  and 
thf  torpedo  to  be  fired  right  ahead ;  then  C  would  be  clamped  on  A  at 
the  20  mark,  ou  D  at  the  18  mark,  and  the  bar  B  right  ohead,  this 
Ix-ing  always  parallel  to  the  direction  of  the  torpedo.  Then,  as  soou 
as  the  enemy  came  ou  with  the  sights  on  D,  tho  torpedo  would  be 
Oreil,  ami  as  the  torpedo  leaves  in  the  direction  of  the  bar  B,  and  the 
■  in-my  is  moving  in  the  direction  of  the  bar  C,  they  wonld  meet  on 
ill"  principle  of  similar  triangles,  iis  shown  in  Fig.  2. 

Tits  Wliilihcad-Sehwartzkopff  Torpedo.— 1\\e  Wltitckead-Schwartx- 
kojiff  turfwdo  i.t  almost  identical  with  the  Whitehead,  differing  from 
it  niaiuly  in  regard  to  tho  material  (phosphor-bronze)  of  which  the 
hall  and  working  parts  are  constructed. 

This  weapon  is  the  result  of  Germany's  purchase  of  the  Wbitehead 
>ccr<>t  and  the  right  to  manufacture,  and  is  the  production  of  the 
Ik-rlin  Machine  Sbick  Company,  formerly  J.  Schwartzkopff,  from 
whom  it  tuk(!9  its  name. 

The  use  of  this  phosphor-bronze  material  (the  composition  of  which 
I  •  n  secret)  for  tho  construction  of  the  u-hoh  of  the  torpedo  has  the 
:i'f  great  advantage  that  it  nmy  be  kept  in  a  perfect  state  of  adjust- 
:  I  "lit  for  many  weeks  either  in  the  dejwt,  or  on  board  ship,  or  in 
>  rjicdQ  boats,  or  in  a  submerged  fort,  as  it  does  nut  need  to  be  taken 
''  I  pieces  for  cleaning  purposes ;  and  this  work  of  cleaning,  which  is  so 
BWcasary  in  the  case  of  steel  torpedoes  from  time  to  time,  involves  the 
nuljnstinent  of  the  various  delicate  mechanisms,  an  operation  not 
•Iwajri  satisfactorily  performed  when  the  torpedoes  are  away  from  the 
dep&L 

Phoflphor-bronze  torpedoes  have  been  kept  for  three  consecutive 
nn\a  in  the  water  ready  for  running,  and  at  the  end  of  that  time 
Wn  nin  perfectly. 
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struction  of  the  air  reservoir  has  prevented  the  German  torpedo  from 
achieving  the  high  speeds  attained  by  the  Whiteheads  built  at  Fiume ; 
but  this  is  probably  due  to  the  fact  that  the  German  Government 
insists  on  the  attainment  of  a  wiiform  rate  of  speed  for  all  their 
torpedoes,  with  the  object  of  obtaining  uniformity  in  the  necessary 
adjustments  for  speed,  when  using  them  in  practice. 

It  would  seem  an  important  feature  of  success  that  the  Whiteheads 
supplied  to  every  ship  should  be  uniform  in  the  matter  of  speed  and 
in  all  other  particulars,  and  one  that  would  outweigh  the  advan- 
tages of  an  increase  of  speed  in  some  one  or  two  of  them,  even  if  it  be 
a  question  of  even  two  or  three  knots.  The  following  particulars 
show  the  perfectness  which  the  German  phosphor-bronze  torpedoes 
have  reached  as  to  uniformity  of  submergence,  and  in  this  they 
certainly  are  worthy  of  imitation. 

The  results  in  the  following  table  were  obtained  with  some  of  the 
earlier  forms  of  Whiiehead'Schwartzkopff  torpedoes. 

The  data  were  obtained  by  the  suspension  of  nets  at  the  indi- 
cated distances,  and  by  the  position  of  the  holes  made  by  the  passage 
of  the  torpedoes;  the  different  depths  were  measured  from  the 
surface. 

The  torpedoes  were  arranged  to  run  at  10  feet,  and  were  projected 
at  5  feet  below  the  surface  of  the  water. 


Table  XIII. 


Number  of 

Depth  in  Feet. 

Depths  found  at  yards  from  the  Tube. 

Discharges. 

22 

33 

55 

82 

110 

220 

114. 
117. 

84. 

Max. 

Mid. 
Avernge  . 

Max. 
Min. 
Average  . 

(Max. 
{Min. 
(Average  . 

3-6 
3-6 
3-6 

3-6 
3-6 
3-6 

3-8 
3-8 
3-8 

8-5 
6-2 
7-5 

4-5 
4-5 
4-5 

5-9 
5-2 
5*5 

8-8 
81 
8-5 

7-8 
7-8 
7-8 

8-1 
7-2 

7-8 

100 
9-1 
9-4 

10-3 
10-3 
10-3 

10-3 
91 
9-8 

100 
91 
9-8 

100 
91 
9-6 

10-9 
10-3 
10-5 

10-3 
9-6 
9-8 

100 
8-5 
8-8 

10-0 
8-8 
9-1 

Brotherhood^ s  Air   Compressor. — Air  -  compressing  pumps  for  the 
purpose  of  charging  the  air  reservoirs  of  the   Whitehead  torpedoes 


BROTHERHOOD'S    AIR    COMPRESSOR. 


PL.LXll. 


AU= 


t 


lUiia 


BROTHERHOOD'S    AIR    COMPRESSOR. 


..LXIII. 


»»J 


httr.  U.)  Ttaa  "BrotliBrbood"  Air  Compressor.  205 

lire  important  adjnacts  of  the  system,  and  require  to  be  of  speciftl 
oonstmction  nwiBg  to  the  high  pressure  at  which  these  reservoirs 
ftre  charged. 

At  PI.  LXn.  is  shown  a  Brotherhood  air  compressor.  Fig.  1  being 
an  elevation,  and  Fig.  2  an  end  view  of  the  same. 

A  vertical  set-tlon  uf  this  compressing  iipparatus  is  represented  at 
PI,  LX.I1I.,  the  foUuiving  description  of  which  is  taken  from  Mr. 
Brotherhood's  patent. 

The  upper  jiart  A  of  the  cylinder  is  fitted  with  a  trunk  piston  B, 
connected  to  the  piston  JS*,  which  works  in  the  lower  jrnrt  A'  of  tl- 
cylinder;  th«  two  parts  of  the  cylinder  are  separated  by  the  ring  A" 
through  [lacking  in  which  the  tmnk  works.  In  the  cylinder  cover  is 
fitted  tho  annular  suction  valve  C  held  up  to  its  seating  by  springs  c ; 
in  the  piston  B  arc  passages  fitted  with  vidves  D  opening  downwards, 
these  passages  communicating  with  the  annular  sjiace  a  and  other 
l«»uige8  li.fiding  to  the  annular  space  a'  fitted  with  valves  E  opening 
dowiiwarils.  From  the  spuc^  a'  a  passive  fitteil  with  the  discharge 
valve  F  communicates  with  the  pipe  coil  0.  The  cylinder  and  coil 
are  enclosed  within  a  tank  JT  containing  water.  To  the  cylinder  cover 
are  6xcid  tho  concentric  tubes  J  and  J,  forming  passages  provided  with 
the  supply  and  discharge  valves  K  and  L  for  effecting  circulation  of 
water  through  the  interior  of  the  piston  as  above  dcsLTibed ;  3f  is  a 
^-lie^  valve.  As  the  pistons  descend  air  is  drawn  through  the  suction 
i  dve  C  into  the  upper  part  oi  the  cylinder,  and  the  air  in  the  annular 
■j^c*  a  is  forced  through  the  valves  E  into  the  smaller  annnlar 
^pBci>  a.  As  tho  piston  ascends  the  air  in  the  space  above  it  is  forced 
Ihiongh  the  valves  D  into  the  annular  space  a,  and  the  air  in  the 
snnnUr  space  a'  is  discharged  through  the  valve  F  and  the  coil  0  to 
tho  reservoir  or  other  vessel  provided  for  its  reception.  By  the 
dcecpnt  and  the  ascent  of  the  piston  water  is  drawn  in  through  the 
valvo  £and  discharged  through  the  valve  i/,  cooling  the  interior  of 
the  piHton. 

The  piston  may  )m.<  worked  by  a  crank  or  eccentric  on  a  revolving 
fhait  ttelow,  or  by  direct  connection  with  the  piston  of  a  steam 
cylinder.  It  is  of  advantage  to  arrange  several  compressing  pumps 
foch  aa  have  been  jiruvioosly  described  to  work  from  cranks  on  one 
■Wl,  these  crunks  being  set  so  that  the  strokes  of  the  several  pumps  _ 
«iir«*«I  nt  equal  intervals  during  rnwh  revolution. 
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TX^  ^  BuUivard^^  Net  Defence. — ^The  protection  of  a  man-of-war 
agftinut  Jtn  pigmy  bat  deadly  assailant  the  WhUehetLd  torpedo  is  a 
umiUtT  id  vital  imjKjrtance,  but  which,  in  so  far  as  rendering  a  ship 
irfj|Hfrvioiis  t^>  snr'Ji  an  attack,  whether  at  anchor  or  under  weigh, 
nanains  yet  a  problem  to  h(t  waived  ;  judging  from  the  recent  experi- 
rrientH  at  Portsmouth  with  the  Resistance,  the  Bullivant  system  of 
not  (\iiU'Mi*Ai  appears  t^>  have  satisfactorily  demonstrated  its  effective- 
noHH  for  forcing  the  f;xpIoHion  oi  a  Whitehead  at  a  safe  distance  from 
a  veHHel  in  a  jKisition  where  she  is  capable  of  using  her  nets  without 
in  any  way  detracting  from  her  manoeuvring  powers,  i.e.,  when  at 
anchor  or  moving  at  slow  speed.  Though  this  system  may  be 
readily  put  out,  and  taken  in,  and  though  the  nets  alone  may  be 
traihul  up  or  lifted,  by  raising  the  outriggers  clear  of  the  water,  yet 
it,  or  any  othc^r  similar  system  could  not  well  be  used  in  an  action 
at  H(«a. 

A  Mhip's  net  deft^nco  requires  not  only  to  be  capable  of  keeping  a 
Whitrhtml  from  exploding  in  contact,  or  within  the  dangerous  area  of 
its  ehurge,  but  must  also  bo  capable  of  being  readily  placed  in  position 
and  tuk^Mi  in.  Previous  to  the  advent  of  the  Bullivant  system  of  net 
dofonoo,  a  most  (nimborsomo  method  of  placing  and  maintaining  the 
nets  in  poHition  had  l)0cn  used,  requiring  some  hours*  work,  while  the 
\voo(l(>n  luion^H  supporting  the  nets  were  very  liable  to  be  unshipped 
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either  in  henvy  weather,  op  by  a  Whitehead  exploding  in  the  net,  and 
were  also  liable  to  bo  broken  from  the  latter  cause. 

By  the  adoption  of  hollow  steel  spars,  weighing  each  5  cwts,  as 
against  10  cwts.  for  the  old  wooden  booms ;  of  a  socket  joint  for  the 
heel  of  the  spar,  instead  of  an  ordinary  hinge;  of  a  runner,  from 
whifh  the  nets  are  suspended,  tnivelling  in  and  out  along  guides 
nniifT  the  sfmrs,  instead  of  fixing  the  nets  permanently  to  the  end  of 
the  wotwlen  booma,  Mr.  BiiUivant  has  succeeded  in  providing  a  most 
efficient  and  practical  method  of  net  protection  for  ships  of  war. 

PL  LXIV.,  Pig.  1,  represents  a  side  view  of  a  Bullivant  spar 
and  its  rigging,  Fig.  2  being  an  enlarged  view  of  the  same ;  Fig.  3  is 
a  plan  of  tht;  spar,  and  Fig.  4  a  view  of  the  net, 

B  IB  the  itciA  Bpar ;  r  (Fig.  2)  the  guide  along  which  the  runner  R 
tmvels  ;  T  is  the  topping  lift ;  8  the  stay  ;  0  the  outhaul ;  I  the 
tnhaul ;  A  the  socket  joint ;   V  the  ship's  sitle  ;  and  N  the  net. 

The  net  attached  to  its  runners  may  l>e  run  out  and  in  by  hiuiling 
on  0,  or  /,  or  by  merely  lowering,  and  topping  up  the  spars. 

The  socket  joint  enables  the  spar  to  be  moved  fore  and  aft  as  at 
S,  B",  Fig.  3,  and  to  be  topped  up,  or  depressed. 

In  Fig.  4  W  is  the  head  ro|)e  of  wire  to  which  the  upper  grummeta 
of  the  nets  are  attached  by  rings  and  clip  books ;  the  neta  are  usually 
miule  3U  ft.  by  20  ft.,  and  nhen  two  such  nets  meet  they  are  joined 
together  at  the  sides  by  moans  of  shackles ;  G  is  the  chain  cable  foot 
pope,  aUo  attached  to  the  nets  by  shackles. 

The  nets  are  made  up  of  rings  or  grummets  of  wire  of  (i  inches 
diameter,  and  are  connei'ted  together  by  steel  dies. 

PL  LXV.  repn-sents  a  plan  of  a  ship  provided  with  an  all-round 
oet  ilefcnce  on  this  system. 

Bemarkt  on  tha  Defence  of  Ships  against  the  Whitehead.— V or  ships 
fimed  to  remalD  at  anchor  in  any  jiort  accessible  to  the  toriH.'do  boats 
vS  an  enemy,  either  by  an  accident  Ut  her  engines  or  other  causes,  the 
net  defence  of  Mr.  Bullivant,  sujiplcmentod  by  anchored  boom'ob- 
stmctiiiDB  at  a  distance,  by  guard  bouts,  by  electric  lights,  machine 
and  other  guna,  would  seem  to  oBer  a  very  fair  means  of  beating  off  a 
WUtdtead  attack,  as  well  as  of  preventing  a  W)tilehead,  should  it  bo 
iliKbarged,  from  exphxling  in  conlact  with  the  ship.  If  the  ship  be 
anehuml  in  a  home  naval  port,  there  is  no  reason  why  more  than  one 
turt  sboald  not  l>e  osed,  leaving  some  distance  between  them. 
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The  object  of  the  defence  is  to  provide  means  whereby  the  approacli 
and  the  position  of  hostile  torpedo  boats  may  be  signalled  as  far  ofl 
from  the  ship  as  possible ;  some  such  arrangement  as  lines  of  automatic 
signal  light  buoys  connected  together  by  wire,  at  known  distances, 
would  in  a  measure  satisfy  this  condition.  The  costly  first-class  man- 
of-war  of  the  present  day  is  surely  worth  a  considerable  amount  of 
trouble,  time,  and  money  to  secure  to  it  absolute  safety  from  torj)edoe8 
when  forced  to  remain  at  anchor,  and  more  attention  might  be  expected 
to  be  paid  towards  securing  this  desideratum  than  has  hitherto  been 
shown. 
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CHAPTER  in. 
Uncontrolled  Torpedoes  (continued). 

AoTO-MoBiLE— "  Howell  "— "  Hall  "— "  Peck  "— "  Paulson  " 

— McEvoY. 

1.  Tbe  Howell  Torpedo— General  Remarks — 2.  General  Deeoripiion — 3.  Method  of  Pro- 
piiUioD— 4.  Metho<l  of  Steering — 5.  The  Method  of  Sabmertion — 6.  Methods  of 
Lannching— 7.  Original  Official  Trials— 8.  Further  Trials— 9.  LmproTed  Pattern— 
10.  Characteristic  Advantages — 11.  Other  Types  of  Aato-mobile  Torpedoes — 12.  The 
Hall  Steam  Torpedo— 13.  The  Peek  Steam  Torpedo— 14.  Steam  v.  Compressed  Air 
PropuUioB— 15.  The  Paulson  Torpedo— 16.  Consideration  of  the  modified  Forms  of 
Whitehead— 17.  McEvoy's  Spring  Torpedo. 

/^ENERAL  REMARKS.— The  EoweU  auto-mobile  fish  torpedo  was 
inyented,  in  1870,  by  Captain  J.  A.  Howell,  U.S.A.,  an  officer  of 
high  mathematical  attainments. 

Although  it  has  never  yet  been  actually  pitted  against  the 
**  Whitehead,"  as  it  has  so  far  been  tried  by  the  American  Govem- 
ment  only,  the  one  Naval  Power  of  any  importance  that  has  refrained 
from  adopting  the  '^  Whitehead,"  yet  from  the  published  reports  of  the 
Howell  experiments,  in  addition  to  more  recent  information  received 
from  the  inventor,  it  seems  likely  to  become  a  very  formidable  rival  of 
that  weapon;  more  particularly  as  the  Howell  possesses  an  inherent 
directive  force,  thereby  remedying  to  a  considerable  extent  the  one 
grave  defect  of  the  ^^  Whitehead  "  and  kindred  forms,  viz.,  want  of 
accuracy  of  direction. 

The  Howdl  torpedo,  as  at  present  perlected,  has  been  the  gradual 
development  of  the  crude  idea  of  a  revolving  spindle  to  which  was 
attached  an  ordinary  screw ;  the  original  idea  being  confined  to  sur- 
passing the  tpar  torpedo  as  to  range,  at  the  same  time  providing  the 
weapon  with  a  means  of  self-propulsion,  and  of  maintaining  its  direc- 
tion.    The  original  United  States  patent  of  1871  included  a  claim  for 
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the  directiye  force  of  the  fly  wheel ;  bat  as  this  was  not  shown,  only  the 
claim  for  a  new  form  of  propulsion  was  allowed. 

Description. — The  following  is  a  condensed  description  of  the  Howdl 
from  the  most  recent  United  States  patent  of  1885  : — 

The  shell  or  case  of  the  torpedo  is  made  of  thin  metal,  and  is 
divided  into  five  sections ;  it  is  shaped  as  shown  in  PL  LXVI.,  where 
Fig.  1  is  a  side  elevation,  and  Fig.  2  is  a  plan  of  this  weapon. 

The  explosive  charge  is  placed  in  sections  A  and  B,  the  firing 
mechanism  being  in  the  former  one ;  C  contains  the  fly-wheel  and 
gearing  for  driving  the  propellers :  all  these  sections  are  water-tight. 
Between  D  and  J?  is  a  water-tight  bulkhead,  in  which  are  fixed  the 
stuiHng  boxes  for  the  propeller  shafts.  Section  E  contains  the  me- 
chanism for  operating  the  vertical  (steering)  a  a,  and  horizontal  (diving) 
b  rudders ;  the  fore  part  of  this  chamber  is  open  to  the  water,  and  it 
is  filled  in  with  wood,  so  as  to  reduce  the  volume  of  water  to  a 
minimum. 

Method  of  Propulsion. — The  torpedo  is  driven  by  two  twin  screws 
revolving  in  and  protected  by  the  tubes  G',  G" ;  the  propelling  power 
is  obtained  from  the  revolution  of  a  heavy  fly-wheel  at  a  high  rate 
of  speed  transmitted  to  the  propeller  shafts  by  bevelled  gearing.  In 
PL  LXVII.,  Fig.  1  is  a  vertical  section,  Fig.  2  a  side  elevation,  and 
Fig.  3  a  plan  of  the  fly-wheel  engine.  F  is  the  fly-wheel,  the  axis 
of  which  is  at  right  angles  to  the  longitudinal  axis  of  the  torpedo ; 
G',  G",  the  propeller  shafts ;  c,  c,  bevelled  wheels  attached  to  the  fly- 
wheel ;  and  d,  d,  bevelled  wheels  attached  to  the  shafts. 

Method  of  lateral  Steering. — The  following  description  of  the  theory 
of  the  inherent  directive  force  claimed  for  this  torpedo  is  taken  from 
the  "  Eeport  of  the  Secretary  of  the  United  States  Navy  "  for  1885  :— 

"  The  automatic  steering  apparatus  is  founded  on  the  principle  of 
component  axes  of  rotation.  The  plane  of  the  fly-wheel  is  vertical, 
and  in  the  longitudinal  axis  of  the  torpedo  ;  its  axis  of  rotation  lies  in 
the  horizontal  plane.  Now,  when  the  fly-wheel  has  a  high  velocity, 
any  force  which  tends  to  sheer  the  torpedo  is  resolved  into  a  rolling 
motion  about  the  longitudinal  axis  of  the  torpedo  and  a  translation 
of  the  whole  system  (that  is,  the  torpedo  itself)  in  a  direction  perpen- 
dicular to  the  longitudinal  axis  of  the  torpedo ;  that  is,  the  result  of  a 
deflecting  force  is  to  roll  the  torpedo  and  move  it  parallel  to  itself. 
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"  When  the  torpedo  experiences  a  deflecting  force,  and  is  in  conse- 
quence rolled  over  to  one  side,  the  steering  rudders  are  thrown  into 
action  in  such  a  way  as  to  exert  a  de8ecting  force  in  the  opposite 
direction  nntil  the  torpedo  is  again  on  an  even  keel,  and  the  only 
eflTect  on  the  torpedo  is  to  more  it  bodily  to  the  right  or  left  of  the 
course.  If  the  torpedo  originally  headed  south,  it  would  head  south 
during  all  the  niorements  detailed  above.  Tliis  is  the  theory  of  the 
antomatio  steering  which  renders  it  unnecessary  to  make  any  allow- 
ance for  defltrtion  due  to  the  torpedo's  striking  the  water  at  any 
angle  when  firi-d  from  the  broadside  of  a  Tossel  under  way  at  speed." 

Two  vertical  rudders  are  used,  turning  on  vertical  axes  in  the 
framework,  and  arranged  one  on  each  side  of  the  after  portion  of  the 
n-ar  section  K. 

These  rudders  are  by  arms  and  links  or  rods  (which  latter  jiass 
thtoogh  tubes  in  the  water-tight  part  of  section  E  into  the  forward 
open  part  of  said  section)  connected  to  opposite  ends  of  a  centrally- 
pivoted  lever,  whose  axle  is  provided  with  a  mdial  arm,  connected  by 
•  link  to  a  crank-arm  on  the  axle  of  the  tiller.  By  this  arrangement 
both  rudders  can,  by  moving  the  tiller,  be  moved  to  starboard  or  jwart 
or  be  brought  midships  as  occasion  may  require.  The  automatic 
action  of  the  tiller  for  this  purjioso  is  as  follows :  On  one  of  the  pro- 
peller-shafts is  a  worm,  which  geiu^  with  and  drives  a  wheel,  mounted 
on  a  vertical  axlu  in  thu  open  part  of  section  E,  and  on  the  same  axle 
is  fixed  another  wheel,  having  a  cam-rib  on  its  upper  face.  The  axle 
revolves  continuously  so  long  as  the  propeller-shaft  revolves.  The 
tiller  overhangs  the  latter  cam-wheel,  and  at  it«  outer  end  carries  a 
pivoted  arm,  arrangeil  crosswise  of  the  torpedo,  the  axle  of  which  is 
buog  in  bearings  ou  the  under  side  of  the  outer  end  of  the  tiller,  and 
is  connected  by  means  nf  a  flexible  shaft — for  instance,  a  shaft  of 
cloacly-coiled  wire — to  the  axle  of  a  jiendulum.  The  axle  of  the 
pivoted  arm  is  horizont^il,  and  extends  in  the  direction  of  the  length 
of  thu  torpedo,  and  the  axis  of  the  pendulum  is  on  the  prolongation  of 
it.  This  arm  ut  its  ends  has  points,  one  or  the  other  of  which  will 
engage  the  cam-wlieel  whenever  the  latter  is  inclined  laterally  in  one 
direction  or  the  other  relatively  to  the  arm. 

The  operation  of  the  ]iurts  is  us  follows :  The  [K-ndulum  tends  to 

f  the  points  of  the  arm  always  in  a  horizontal  plane,  and  the  can- 
normally  lies  in  a  plane  parallel  thereto.     With  the  parts  iu 
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tbi«  potition  the  tiller  i»  midsliips ;  but  whenerer  by  an  extraneous 
deflecting  force  the  torpedo  is  caused  to  roll  npcm  its  longitudinal  axis 
in  one  direction  or  the  other  the  cam-wheel  is  tilted  or  inclined  in  a 
corresponding  direction  with  reference  to  the  arm,  which  hj  its  pen- 
dulum is  maintained  horizontaL  Consequently  the  eontinnously- 
reyolying  cam-wheel  is  thrown  into  engagement  with  one  or  the  other 
of  the  points  of  the  arm,  with  the  result  of  putting  the  helm  to  port 
or  starboard^  as  the  case  may  be,  the  flexible  shaft  permitting  this 
movement.  The  steering  rudders  when  thus  moved  set  up  a  deflect- 
ing force  opposed  to  the  initial  extraneous  deflecting  force,  with  the 
result  of  producing  in  the  torpedo  a  tendency  to  roll  in  the  opposite 
direction,  the  helm  being  put  to  starboard  when  the  torpedo  rolls  to 
starboard,  and  vice  versa.  This  action  will  continue  until  the  rudders 
have  rolled  the  torpedo  back  far  enough  to  permit  the  disengage- 
ment of  the  arm  and  cam-wheel,  or,  in  other  words,  until  the  cam- 
wheel  is  in  its  normal  horizontal  position.  In  this  way  it  will  be 
seen  that  the  torpedo  can  be  automatically  steered  or  kept  from 
leaving  the  course  in  which  it  was  pointed  at  the  time  it  was 
launched.  The  rudders  are  not  simply  turned  to  starboard  or  port, 
as  the  case  may  be,  and  held  there  until  the  torpedo  is  brought  back 
to  itH  course.  The  revolving  cam-wheel  imparts  to  them  a  series  of 
inipulHes,  and  this  is  kept  up  so  long  as  the  tilting  arm  engages  the 
(!ain-whcel.  The  cam-rib  may  be  so  formed  as  to  impart  one  or  more 
iinpulses  to  the  rudder  or  rudders  for  each  revolution. 

M(fthod  of  Submersion, — The  submersion  of  the  torpedo  is  con- 
trolled by  means  of  a  horizontal  rudder,  which  is  operated  automati- 
cally by  mechanism,  whose  action  is  controlled  by  a  combined  pen- 
(luhini  and  hydropnoumatic  cylinder,  the  piston  of  which  moves  with 
tlu^  varying  external  pressures  at  different  depths.  By  a  tilting  arm 
and  eam-whocl  the  action  of  this  pendulum  (which  swings  fore  and 
aft)  is  transmitted  in  impulses,  in  much  the  same  way  as  explained 
for  lati^ral  steering,  the  effect  being  to  preserve  horizontality  of  longi- 
tudinal axis ;  but  the  action  is  modified  by  the  piston,  which  by  its 
teloscoi>ic  action  in  the  cylinder  changes  the  centre  of  gravity  of  the 
ponduluni,  causing  it  to  turn  in  one  direction  or  the  other. 

The  tubes  surrounding  the  propellers,  by  reason  of  the  mass  of 
water  they  contain,  servo  to  steady  the  torpedo  and  to  stiffen  it  against 
irregular  movement  in  a  vortical  plane. 
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MeAodt  of  Laundting. — In  the  U.S.  trials  with  the  Homil,  it 

i  launched  ot  dropped  from  the  broadside  by  means  of  a  frame  or 
derrick  extending  from  the  ship's  side,  under  which  the  torpedo  was 
hung  by  clutches  from  studs  on  the  shell.  A  nioditied  form  of  this 
apparatus  has  been  designed,  as  shown  at  PI.  LXVI.,  Fig.  3,  to  admit 
of  its  being  enclosed  in  an  armoured  shield,  and  which  also  differs 
horn  the  original  form  in  that  the  toq>edo  itself  balances  the  rocking 

ic  in  the  place  of  a  separate  coimter-bolaace  weight. 

The  characteristic  feature  of  this  launching  apjiaratus  ia  that  the 
portion  of  it  which  is  connected  to  and  supports  the  torpedo  is  free 
to  move  upon  an  axis  at  right  angles  to  the  position  assumed  by  the 
axis  of  the  fly-wheel  when  the  torpedo  is  in  place  in  the  apparatus.  Tho 
tly-wheel  of  course  must  be  8|»eeded  up  to  the  proper  point  before  the 
torpedo  is  dropped  or  launched,  and  by  permitting  it  freedom  of 
motion  about  two  axes  at  right  angles  to  each  other— the  one  its 
rotation  axis  and  the  other  the  axis  of  motion  of  that  part  of  the 
launching  apparatus  in  which  the  torpedo  is  hung  or  supported — it 
will  not  be  injuriously  afiected  by  the  motion  of  the  vessel  from  which 
the  torpedo  is  launched,  and  the  strain  which  otherwise  would  come 
opoQ  the  fly-wheel  and  its  bearings  by  reason  of  that  motion  is 
entirely  remored. 

The  rocking  frame  which  auppfirts  the  torpedo  is  in  this  case  hung 
on  tninnions,  and  is  counterbalanced  by  the  weight  of  the  torpedo. 
The  steam  for  the  Barker  Mill  (starting  engine)  is  supplied  through 
the  trunnion. 

Instead  of  using  u  crane  to  swing  the  torpedo  outboard  or  inboard, 
tht*  rocking  frame  is  mounted  in  a  frame  hung  from  and  nrmnged  to 
■lide  on  the  stationary  rail. 

This  arrangement  is  to  be  preferred  to  the  original  form,  inasmuch 
u  with  it  the  apparatus  may  be  readily  shiiddnl  on  top  and  at  the 
■idea  and  front  by  iirmour,  as  shown  by  the  dotted  lines.  The  |i>ri>e<)i> 
may  also  b«  blown  out  of  a  tube,  if  this  mode  nf  biuuchiug  Im> 
prefvrrr<l  or  necessary. 

Original  Offintd  Trialt. — A  series  of  experiments  wen'  carriwl  out 
with  a  Bottell  torpe«lo  by  the  U.S.  Torpedo  Hoard  in  May  1884,  with 
the  (ullowing  rmtilta  : — 

Length  of  torpedo 8  focL 

Km.  diftmeter  ....     14  inrhpM. 
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Weight  of  explosive  charge      .         .         .         .70  lbs. 

Total  weight 299 

Weight  of  fly-wheel 108 

Badins  of  gyration  .....  5*4  inches. 

Height  of  launching  cradle  above  the  water        4  to  7  feet. 
Pressure  of  steam  in  the  Barker's  Mill        .         .     40  lbs. 
Duration  of         ditto        ditto  .         .     40  to  70  seconds. 

Initial  speed  for  100  feet  .         .         .     8^  to  9^  knots. 

Extreme  range        ......  500  yards. 

Thirteen  trials  were  made  with  this  weapon,  resulting  in  a  satis- 
factory demonstration  of  its  possessing  an  inherent  power  of  direction, 
the  Board  reporting  that  '^  the  horizontal  accuracy  due  to  the  directive 
force  toae  excellent  with  the  torpedo  when  fired  from  the  vessel  at 
anchor  or  under  way,  and  trained  in  various  directions." 

The  Beport  then  goes  on  to  say  that  '^  the  directive  force  inherent 
in  this  torpedo  renders  it  unnecessary  to  make  any  allowance  for 
the  torpedo's  being  deflected  on  striking  the  water,  even  when  fired 
abeam  from  a  vessel  moving  at  speed." 

In  speed  and  in  uniformity  of  submergence  this  trial  torpedo  was 
found  wanting. 

Further  Trials. — A  newer  type  has,  however,  succeeded  in  attaining 
a  speed  of  some  16  knots  for  200  yards,  and  the  following  tabulated 
statement  (p.  215)  refers  to  certain  trials  carried  out  with  this  weapon 
in  1885,  and  is  taken  from  the  United  States  General  Information 
Series,  No.  5 : — 

"The  torpedo  tried  was  8  feet  11  inches  total  length,  13*75  inches 
greatest  diameter,  weighed  284  pounds,  had  a  buoyancy  of  10  pounds 
in  fresh  water,  and  carried  40  pounds  of  lead  to .  represent  weight  of 
explosive  charge  ;  the  same  torpedo  in  salt  water  would  carry  60  pounds 
of  charge  without  any  buoyancy.  It  made  a  speed  of  15*6  knots  for 
200  yards,  and  a  total  range  of  500  yards  with  plane  blades  to  the 
propeller." 

Improved  Pattern, — The  following  data  refers  to  the  recent  improved 
type  of  Howell  torpedo,  and  if  only  the  figures  relating  to  its  speed 
and  range  be  maintained  in  its  official  trials,  combined  with  uniformity 
of  submergence,  it  will  certainly  become  the  adopted  torpedo  of  the 
United  States,  for  naval  purposes,  as  the  United  States  naval  autho- 
rities have  been  and  are  still  searching  for  a  torpedo  of  the  "  White- 
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head"  type,  but  of  home  invention  and  manufjEU^tore ;  while  on 
account  of  its  inherent  directive  force,  in  other  words  great  horizontal 
accuracy,  it  will  unquestionably  prove  no  mean  rival  in  the  immediate 
future  to  the  celebrated  "  Whitehead." 


Length  of  present  Hat 

cell  torpedo    . 

8^  feet 

Diameter     . 

•         •         • 

.     13'  inches. 

Total  weight  in  air 

•         •         • 

.     325  lbs. 

Weight  of  charge 

•         •         • 

.       70  lbs. 

Displacement 

•         •         • 

.     331  lbs. 

Guaranteed  speed  (1) 

for  200  yards 

24  knots. 

M         n         V      (2) 

400     „     . 

.       18   „ 

Total  range  for  (1) 

•                  •                  • 

.     500  yards. 

»        »           (2) 

•                  •                  •                  • 

.     900      „ 

Weight  of.fly-wheel 

•                  •                  •                  « 

.     110  lbs. 

Radius  of  gyration 

•                  •                  •                  • 

5*4  inches. 

The  power  capable  of  being  developed  by  the  revolution  of  this  fly- 
wheel depends  on  the  velocity  given  to  it,  which  is  again  dependent 
on  the  steam  pressure  in  the  Barker  Mill  starting  engine,  and  dura- 
tion of  its  application.  With  a  pressure  of  60  lbs.  per  square  inch  in 
the  starting  engine,  maintained  for  seventy  seconds,  the  fly-wheel  has 
attained  a  speed  of  160  revolutions  per  second. 

4/1 

Power  developed  is  equal  to  ^  V^  =  1-72  x  (2-83  ft.  x  160)'  = 

352,647  foot  pounds. 

With  a  pressure  of  90  lbs.  for  thirty-three  seconds,  the  fly-wheel 
attained  a  velocity  of  115  revolutions  per  second. 

With  a  pressure  of  65  lbs.  for /or/y  seconds,  the  power  developed  in 
the  fly-wheel  has  been  suflScient  to  turn  the  propellers  of  the  torpedo 
in  air  for  forty  minutes.  The  fly-wheel  has  an  elastic  limit  of 
30,000  lbs.,  and  tensile  strength  of  80,000  lbs.  per  square  inch ;  to 
strain  it  to  its  elastic  limit  requires  240  revolutions  per  second. 

Characteristic  Advantages. — The  Howell  small  torpedo  possesses  the 
following  characteristic  advantages : — 

1.  Small  size,  handiness.     - 

2.  Simplicity,  cheapness. 

3.  Large  explosive  charge  for  size,  1  lb.  of  explosive  to  4J  lbs.  of 
total  weight. 
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4.  Absolute  directive  force,  great  horizontal  accuracy. 

5.  Perfect  reliability  wbcn  fired  from  the  broadeide  of  a  flhip  in 
otion. 

6.  Armonr  protection  to  the  launching  apparatus. 

As  compared  with  the  "  Whitehead,"  this  torpedo  is  superior  in  all 
these  particulars,  but  it  is  inferior  to  the  former  in  the  matter  of 
speed,  and  it  has  yet  to  prove  a  similar  reliability  in  the  matter  of 
uniformity  of  submergence  and  eBFeetiveness  in  application. 

An  oi^'ectional  /co/ure.^The  necessity  of  using  in  the  EovxU  an 
external  source  of  power  for  developing  its  propelling  force  and  which 
must  be  applied  up  to  the  very  moment  of  launching  it,  constitutes  a 
defect  in  the  system,  as  compared  with  the  "  Whitehead,"  and  this  may 
always  Ijc  considered  as  a  very  serious  objection  by  those  inimical 
to  its  employment. 

If  however,  at  a  range  of  say  500  yards,  the  Howell  torpedo  as 
pitted  against  the  "  Whitehead  "  proves  the  possession  of  greater  accu- 
racy due  to  its  inherent  "  directive  force,"  it  can  very  well  afford  to 
ailmit  its  inferiority  in  the  matter  of  speed,  and  of  facility  of  launching, 
as  iU  superiority  in  regard  to  certainty  of  hitting  would  more  than 
balance  its  infi^iority  in  these  respects;  for  ''certainty  of  hitting" 
in  tlie  loading  essential  of  every  torpedo,  more  especially  of  the 
uiuWitroUuhle  tyi>e. 

Otimr  tyj>M  •'/  Aulo-mobile  Torjteiloes. — The  fact  of  Mr.  Whitehead 
having  made  the  construction  of  his  torpedo  a  secret,  instead  of  the 
subject  of  a  patent,  has  been  the  c^iuse  of  the  many  attempts  that  have 
been,  and  arc  being  ma^]e  to  devise  a  similar  but  superior  weapon, 
either  in  regard  to  higher  speed,  greater  accuracy,  increased  uniformity 
of  Hibmergence,  or  in  some  other  quality,  as  though  such  a  priKwdure 
hM  been  accepted  ae  a  challenge  to  all  comers,  first,  to  discover  the 
modm  operandi  nf  the  secret  parts,  and  then  to  construct  a  weapon 
equal  to  or  8ur[>assing  tKe  "  Wbitehead." 

Up  to  the  present  lime  this  metaphorical  challenge,  though  taken 
up  by  many  scientists  and  inventors,  has  not  been  productive  of  a  tish 
torpodo  which  is  now  capable  of  equalling  the  "  Whitehead  "  iu  all  it« 
many  excellent  qualities,  though  with  the  Howell  (idrcmly  described), 
Ilall.  Peck,  and  Paulson  [mttems  actually  in  the  field,  the  day  may  be 
ii|([)n»ehing  when  the  prototype  of  this  class  of  torpedo  will  be  ooBted 
fftim  its  high  position  by  a  more  excellent  and  more  favoured  type  of 


finii  V^rpfdOf  in  wkidi  is  eumikmd.  tome  one  or  other  of  the  more 
a^lrAnUigeooi  featureas  of  the  fotegung  ptstefii& 

77(Me  ^  if//27  "  SUaw^Knrpfdo. — ^The  deacriptioii  of  this  wb^kxi  is  taken 
from  Li^mtenant  fieaUm  Schioeder's  U.SuN.  aeeoont  of  torpedoes  in  the 
General  Information  Series,  Xa  VL,  UjS. 

The  fish  torpedo,  designed  br  Lieotenant  Hall,  U^  X^^Jy  has 
the  shape  of  a  spindle  of  rerolntion,  carrring  the  charge  in  the  nose, 
with  a  [jercossion  apparatus. 

The  fnotire  power  is  steam,  which,  together  with  a  soitaUe  quantity 
of  water  heated  to  about  550^,  is  stored  in  a  flask  or  generator.  As 
the  pressure  is  reduced  bj  the  consumption  of  the  steam,  the  heated 
water  /nudnally  yaporises,  furnishing  a  continual  supply.  The  engine 
driven  twin  two-bladed  screw?  whose  disk  areas  overlap,  they  being  so 
placed  that  when  the  blades  of  one  are  rertical  those  of  the  other  are 
horizontal ;  a  simple  gearing  compek  the  two  shafts  to  make  the  same 
numlK'r  of  resolutions,  thus  preventing  any  possibility  of  the  blades 
interfering.     liy  this  means  a  large  disk  area  is  obtained. 

The  other  special  features  in  this  torpedo  are  in  the  apparatus 
for  regulating  the  submersion,  no  assistance  being  derived  from  the 
hydrostatic  pressure.  When  ready  for  use,  the  torpedo  has  a  buoyancy 
(ff  15  U)  30  pounds.  To  cause  it  to  maintain  a  practically  horizontal 
path  under  water,  a  pair  of  diving  fins  is  fixed  on  the  nose,  incline<l 
<l()wnward  to  an  extent  found  sufficient  to  counteract  the  buoyancy, 
\\\ii  rlr'j)ro«Hion  of  the  nose  being  checked  by  a  drag  made  fast  to  the 
tail,  which  by  pulling  back  on  it  has  a  tendency  to  bring  the  stem 
down  to  a  level  with  the  bow.  As  the  steam  and  water  are  used,  the 
liuoyancy  increases,  and  the  angle  of  the  diving-fins  has  to  be  increased 
proportionatf^ly.  This  is  done  in  the  following  manner:  within  the 
hIkjU  of  the  torpedo,  on  each  side,  is  a  fore  and  aft  cylinder  containing 
a  piston,  one  side  of  which  is  pressed  by  a  spiral  spring,  and  the  other 
l)y  8t(Mini  or  water  from  the  flask.  A  piston  rod  goes  forward  to 
abreast  the  diving-fin,  with  which  it  is  connected  by  a  shaft  through 
the  sh(;ll  and  a  system  of  racks  and  pinions ;  with  the  fins  in  their 
normal  position,  the  steam  pressure  and  that  of  the  springs  counter- 
l)alanc(i  each  other  in  the  cylinders  ;  but  as  the  water  is  used  (increcising 
1  he  buoyancy)  its  pressure  decreases,  and  the  springs  prevail  over  it, 
and,  pushing  the  pistons  and  rods,  alter  the  position  of  the  fins.  In 
ord(^r  that  the  fins  should  work  efficiently  it  is  necessary  that  the 
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speed  of  the  torpedo  ahoeld  be  regnlar,  and  to  that  end  a  goremor  » 
placed  on  a  proloDgatton  of  the  shaft.  This  goveraor,  wliile  simple  io 
principle,  is  estremely  sensitive,  ami  moreover  can  bo  regulated  to 
control  the  speed  to  within  twenty  revolutions.  In  fact,  uniformity  of 
s{i€ed  ia  depended  upon,  in  place  of  hydrostatic  pressure,  to  regulate 
the  submersion. 

It  ifl  evident  that  any  rolling  of  the  torpedo  would  cause  the 
diving  Una  to  act  with  a  lateral  component;  to  prevent  this,  lateral 
righting  fins  are  provided  just  abaft  the  diving-fins  and  below  the 
horizontal  plane  of  the  axis  of  the  torpeito.  They  are  hinged  at  their 
forward  end,  and  normally  lie  close  in  against  the  hull,  being  pushed 
(tut,  when  needed,  by  the  righting  engines,  as  follows  :  A  double  bent 
U  tnbe,  in  a  vertical  thwart«hip  plane,  contains  mercury  ;  each  vertical 
arm  containB  a  valve  chest  floating  on  the  mercury  column ;  con- 
ncctexl  with  each  valve  chest  is  a  horizontal  thwartship  cylinder  fitted 
with  a  piston  and  rod,  which  latter,  passing  though  the  shell  of  the 
Corpcdo,  takes  against  the  righting  fin.  When  the  torpedo  rolls  to 
either  aide  the  mercury  rises  on  that  side,  pushing  the  valve  up  and 
opening  the  port  leafling  from  the  flask  to  the  cylinder,  and  tho 
piston  rod  and  fin  are  forced  outward ;  the  surface  of  the  fin,  being 
vipused  to  tho  upward  pressure  of  the  water  outsiile  and  beneath  the 
torpedo,  causes  it  to  roll  back  to  an  upright  position,  on  attaining 
which  the  mercury  falls  in  that  branch  of  the  pipe  and  closes  the 
lire,  and  tho  fin  is  pushed  back  in  place  by  the  water  pressure. 
Th<*  Hall  t4>rpctlii  is  still  in  the  experimental  stage.  In  the  few 
X  carried  on  so  far,  it  has  been  found  to  ptissess  good  and  regular 
ml,  and  the  lateral  steering  apparatus  worked  satisfactorily. 

"  Pwh"  Stfnm  Torpedo. — 5Ir.  Edward  C.  I'eck,  who  has  charge 
f  tho  draughting  department  at  Yarrow  and  Co-'s  Torpedo  Boat 
j^iirko,  has  designed  a  tlab  torpedo  to  be  propelled  by  st^am.  It  is  of 
I  lunal  *■  Whitehead  "  pattern  outside,  being  H  ft.  long,  by  14  in. 
mvter,  and  it  will  carry  lOO  lbs.  of  gnn-cotton.  This  torpeilo  ia 
1  nt  PI.  LVll.,  where  Fig.  I  is  a  sectional  elevation,  and  Fig.  2  a 
igs.  3  and  4  U-ing  cross  sections.  At  about  the  centre  is  a  hot 
>  merroir,  P,  4  ft.  long  and  11^  in.  internal  diameter.  This 
roir  will  bo  surrounded  by  a  coating  of  non-conducting  material 
I.  thick,  and  iMitwe^m  thu  outside  and  this  and  the  skin  of  the  torpedo 
I  b(>  an  annular  space,  II,  of  |  inch.    The  reservoir  is  to  be  ohorgud 
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with  about  160  lb.  of  hot  water  taken  from  the  main  boiler  of  the 
torpedo  boat,  and  is  provided  with  a  safety-valve.  The  water,  which 
only  partially  fills  the  reservoir,  will  be  transferred  very  rapidly 
at  a  pressure  of  about  400  lbs.  per  square  inch,  and  there  will  be 
means  for  raising  the  temperature  of  the  water,  if  necessary,  during  its 
transfer  from  the  boiler  of  the  boat  to  the  reservoir  of  the  torpedo.  It 
is  calculated  that  the  torpedo  will  keep  steam  for  at  least  an  hour  after 
it  has  been  charged.  The  quantity  of  water  carried  will  possess  suffi- 
cient sensible  heat  to  supply  the  propelling  engines  with  steam  of  a 
slowly  decreasing  pressure  during  the  run  of  the  torpedo.  The  space 
between  the  reservoir  and  the  skin  of  the  torpedo,  as  also  a  portion  of 
the  space  in  the  body  of  the  torpedo,  not  otherwise  occupied,  is  utilized 
as  a  surfEu^e  condenser.  By  this  means  the  weight  of  the  torpedo  will 
be  precisely  the  same  at  the  close  as  at  the  commencement  of  the  run. 
T,  T,  are  partitions  to  prevent  the  washing  about  of  the  water  in  the 
reservoir ;  A  is  the  charge  compartment,  and  B  a  block  of  wood  used 
as  a  non-conductor  of  the  heat  in  B.  The  torpedo  will  be  fitted  with 
engines  of  60  horse-power  indicated,  and  capable  of  propelling  it 
through  the  water  at  a  speed  of  32  knots  an  hour.  It  will  be  fitted 
with  the  usual  fins,  rudders,  and  regulating  apparatus  to  insure  its 
travelling  at  any  required  depth  and  in  any  desired  direction. 

Steam  v.  Compressed  Air  Propulsion, — Steam  propulsion  for  fish 
torpedoes,  as  compared  with  compressed  air,  has  certain  advantages 
claimed  for  it.  In  the  first  place,  weight  is  saved  in  the  torpedo,  and, 
as  a  comparatively  low  pressure  of  steam  is  used,  the  trouble  expe- 
rienced in  keeping  joints  and  connections  tight  is  removed ;  while  the 
length  of  full  power  run  with,  and  speed  of,  a  steam-propelled  torpedo, 
as  compared  to  the  Whiteheady  is  claimed  to  be  as  1' 75  mins.,  or  1800 
yards,  to  0*75  min.,  or  600  yards,  and  as  32  knots  to  24  knots 
respectively. 

As  regards  the  question  of  increased  range,  it  does  not  seem 
that  there  is  any  special  advantage  gained,  unless  with  the  power 
of  increased  range  there  also  be  provided  a  corresponding  power  of 
increasing  the  lateral  accuracy  of  the  torpedo  in  the  same  degree.  It 
is  also  very  possible  that  as  soon  as  a  steam  Whitehead  is  produced  of 
30-knot  speed,  a  similar  or  greater  speed  will  have  been  realised  ^ith 
the  compressed-air  Whitehead. 

The  disadvantages  of  steam  propulsion  are  mainly  in  connection 
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irith  the  important  feature  of  facility  of  handling  the  torpedo,  bat 
until  de6nit(>  experimente  hare  been  carried  out,  It  ts  impossible  to 
foresee  the  diaadvantoifes  (if  any)  of  a  new  typo,  differing  radiatlly 
ftom  existing  types,  though  all  its  advautagee  are  well  known 
beforehand. 

The  "  Faulaon  "  Torpedo. — Thia  pattern  differs  from  the  foregoing, 
first,  in  regard  to  its  motiTe  power,  which  is  liquid  compressed  carbonic 
acid,  and  secondly,  in  that  it  is  provided  with  automatic  means  for 
maintaining  a  given  course.  The  motive  power  is  stored  under  a 
pressure  of  150U  (founds,  which  is  released  gradually,  and,  volatilising, 
pastes  thnmgh  the  nozzle  of  an  injector  surrounded  by  water  from  the 
»ea ;  the  gas  thus  produced  is  made  to  act  upon  a  body  of  water  taken 
into  the  vessel  through  suitable  openings,  and  discharged  therefrom 
thmngh  nozzles  on  tho  well-known  principle  of  the  injector  or  ejector- 
Water  thus  act«d  on  may,  by  its  reaction,  be  applied  direct  to  the  pro- 
pelling of  the  torpedo,  or  it  may  bo  arranged  to  act  upon  a  turbine  or 
water-vrheel  to  work  a  propeller. 

The  lateral  steering  is  effected  automatically  by  means  of  elec- 
tricity brought  into  action  by  the  movement  of  a  compass  needle. 

A  manner's  compass  is  placed  in  the  head,  or  otLer  suitable  part  of 
the  To»cl,  the  needle  of  wliieh  is  connected  to  a  powerful  battery,  or 
other  Boarce  of  electric  energy.  Upon  the  same  axis  as  that  of  tho 
needle  is  placed  a  dial  of  non-magnetic  material  marked  with  the 
poinUi  of  Ibe  oomjtosa,  and  capable  of  movement  ujKin  its  axis  without 
disturbing  the  jKtsition  of  the  needle.  ThiH  dial  carries  two  copper, 
bnuu,  or  silver  studs,  electrindly  iusulat^rd  from  each  other,  and  from 
the  needle.  Each  of  these  studs  is  electrically  connected  with  the  coils 
of  an  electro-magnet,  so  that  when  the  needle  touches  either  stud,  the 
■oft  iron  core  of  the  coils  connectetl  with  that  stud  becomes  a  powerful 
■M^et,  and  capable  of  exerting  force  in  a  certain  direction ;  while  the 
otber,  if  similarly  connected,  attracts  an  armature  in  the  opposite 
dirvction;  one  only  acting  at  any  given  time;  and  thus  CApable  of 
moving  the  tiller  of  the  rudder  directly,  or  by  the  intervention  of  any 
convenient  form  of  power. 

Before  launching  the  birpedo,  the  dial  is  set  to  the  bearings  of 
the  object  aimed  at,  and  the  studs,  which  are  conveniently  made 
nnauTable,  arc  set  upon  tlie  dial  in  such  a  manner  that  tho  needle 
potDtt  between  them  when  steering  direct  for  the  object,  but  should 


222  Kodified  Forms  oC  oonpand  with  tlie  •«  Whftwhiwid  **    [C^ap.  IlL 


an  J  slight  deriadofn  occur,  immediate  contact  with  <me  of  the  studs 
takes  place,  the  mdder  is  moTed  so  as  to  iHing  the  Tessel  again  upon 
her  course,  when  the  contact  is  broken,  and  the  rudder  is  brought  back 
to  its  normal  position  by  spring,  or  other  suitable  pressure. 

The  inventor  of  this  weapon  suggests  in  his  patent,  and  in  a 
lecture  deliTcred  at  the  B.U.S.  Institution,  March  26th,  1886,  yarious 
applications  of  this  principle  by  the  aid  of  which  the  torpedo  could  be 
made  to  perform  a  rariety  of  other  automatic  operations ;  but  though 
they  are  feasible,  yet  they  necessarily  introduce  further  complications 
in  an  already  sufficiently  complex  machine. 

A  description  of  an  electrical  apparatus,  devised  by  Gunner  Burdett, 
for  steering  a  fish  torpedo,  which  is  practically  similar  in  principle 
to  the  Paulson  method,  is  contained  in  the  Appendix  to  Lieutenant 
F.  31.  Barber's  U.S.N.  lecture  on  the  Whitehead  torpedo,  1874.  This 
idea  was  intended  to  be  used  with  the  fish  torpedo  designed  by 
the  U.S.  torpedo  officers,  but  it  does  not  seem  to  have  met  with  any 
favour. 

Consideration  of  the  modified  Forms  of  Whitehead. — The  Howell, 
Hall,  Feck,  and  Paulson,  modification  of  the  Whitehead  torpedo 
present  features  of  more  or  less  practical  value  and  interest;  the 
"  Howell "  in  the  possession  of  an  inherent  directive  force  ;  the  "  Hall " 
and  "  Peck  *'  in  the  employment  of  a  motive  power  (steam)  in  every- 
day use,  and  with  which  a  speed  higher  than  at  present  attained  with 
the  Whitehead  is  anticipated;  and  the  "Paulson,"  in  the  use  of  a 
special  motive  power,  which  is  also  expected  to  realise  very  high 
speeds,  and  in  the  possession  of  an  automatic  lateral  steering  apparatus. 

With  the  exception  of  the  "Howell,"  which  possesses  a  distinct 
advantage  in  respect  of  its  peculiar  motive  power  that  produces  an 
inherent  directive  force,  the  other  three  patterns  do  not  seem  in  the 
present  stage  of  their  existence  to  offer  sufficient  advantages  for  their 
adoption  in  the  place  of  the  present  form  of  fish  torpedo ;  while  even 
the  "  Howell "  has  certain  objectionable  features  in  regard  to  the  appli- 
cation of  its  motive  power,  though  possibly  these  will  not  be  found  in 
actual  practice  to  outweigh  the  important  advantage  of  increased 
accuracy,  and  consequently  greater  certainty  of  hitting.  If  an  un- 
controllable auto-mobile  torpedo  be  retained  as  the  torpedo  armament 
of  ships  and  boats,  then  the  "  Whitehead  "  (in  which  is  included  the 
SchwartzkopfO   is  unquestionably  the  most  perfect  pattern  extant, 
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and  any  other  one  which  realizes  in  a  higher  degree  the  perfection 
attained  by  that  weapon  in  regard  to  speed,  uniformity  of  submergence, 
accuracy  of  direction,  range,  facility  of  handling,  adaptability  for  ship 
and  boat  use,  and  simplicity,  will  indeed  be  a  wonderful  creation. 

McEuotfs  Spring  Torpedo. — This  invention  hardly  comes  under  the 
category  of  auto-mobile  fish  torpedoes,  in  so  far  as  the  "  Whitehead  " 
represents  this  class,  because  though  it  is  shaped  like  a  fish,  yet  it  is 
provided  with  a  means  of  propulsion  only,  no  arrangements  being 
made  for  attaining  an  uniformity  of  submergence,  as  it  is  only 
intended  to  utilize  it  for  very  short  ranges. 

The  object  of  Capt.  McEvoy's  invention  is  actually  to  afford  as  it 
were  to  the  spar  torpedo  a  means  of  striking  at  a  distance  very  consider- 
ably beyond  what  is  possible  with  that  weapon  as  ordinarily  used,  and 
he  arranges  for  this  by  fitting  to  the  end  of  the  spar  a  small  fish 
torpedo  propelled  by  coiled  springs,  after  being  discharged  by  means 
of  a  powerful  spring  from  a  tube  or  holder  at  the  outer  submerged  end 
of  the  spar.  This  form  of  attack,  while  doing  away  with  the  necessity 
of  the  torpedo-boat  running  almost  into  contact  with  the  ship  to  be 
attacked,  retains  all  the  effectiveness  as  to  certainty  of  hitting  of  the 
ordinary  jpar  torpedo. 
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1.  DeflDition — 2.  Clagaiflcation  oonsidered — 8.  Controllable  v.  Unoontrollable  Torpedi 
A.  Spar  Torpedoes — 4.  Defect — 5.  Employment  in  the  American  Ciril  War — 6.  French 

Successes — 7.  Valae  under  special  circumstances — 8.  Only  Successful  Torpedo 9. 

Further  uses — 10.  Improvements — 11.  Description  of  the  McEvoy  Type — 12.  General 
Remarks— 13.  The  Berdan  Type — B.  Towing  Torpedoes— 14.  Definition — 15.  His- 
torical— 16.  Special  Forms— 17.  Cause  of  its  being  discarded — 18.  Description  of  any 
Type  unnecessary—C.  Dirigible  Torpedoes — 19.  Definition —20.  Description  of  the 
Berdan  Type. 

r\EFINITION.— This  division  includes  all  those  torpedoes  which 
remain  under  the  absolute  control  of  the  operator  during  the 
whole  length  of  their  run,  or,  in  other  words,  those  which  are  in 
mechanical  or  electrical  connection  with  the  station  from  which  they 
are  operated  from  the  time  of  being  started  on  their  course  to  the 
realisation  of  their  attack. 

Classification  considered. — In  the  list  of  types  of  controllaUe  tor- 
pedoes enumerated  at  page  151),  Division  II.,  the  spar,  locomotive, 
and  auto-mobile  types  satisfy  the  above  definition  in  the  most  absolute 
manner,  as  they  are  controllable  in  every  respect ;  they  can  be  started 
and  stopped  at  any  time,  steered  to  port  or  starboard,  and  fired  either 
by  contact  or  at  will. 

The  divergent  towing  torpedo.  Class  B,  fails,  to  some  extent,  in 
regard  to  directive  control,  but  satisfies  the  other  requirements ;  while 
the  dirigible  torpedo.  Class  C,  only  fulfils  the  requirements  of  con- 
trollability in  the  matter  of  lateral  direction. 

These  two  classes,  notwithstanding  a  certain  want  of  absolute 
control,  fairly  belong  to  the  group  of  controllable  torpedoes,  for  'they 
arecertainly  not  uncontrollable,  but  they  have  usually,  together  with 
the  spar,  been  treated  as  being  a  separate  division  of  torpedoes. 


ControUahU  y.  UneontroUahJe  Torpedoes. — There  are  two  distinct 
fanctions  of  warfare  in  which  the  torpedo  has  an  important  part,  viz., 
■18  the  armament  of  ships,  and  Ijoats  for  purely  naval  engagements,  and 
as  forming  part  of  the  submarine  defence  of  harbours. 

As  a  naval  weapon,  the  best  type  of  uncontrollable  torpedo,  the 
'■  Whitehead,"  is  superior  to  each  of  the  types  of  conlroUdlh  torpedoes 
enumerated  in  Division  II.  in  the  following  particulars : — 

The  "Spar,"  in  regard  to  range;  the  "Divergent  towing,"  in  the 
matter  of  range  and  facility  of  handling ;  the  "  Dirigible,"  in  the 
matter  of  iacility  of  handling,  and  certainty  of  action ;  tlie  "  Loco- 
motive "  and  "Anto-mobile  "  in  respect  of  facility  of  handling  only. 

Ah  a  weapon  for  harbour  defence,  i.e.  one  which  can  be  manipulated 
from  the  shore,  the  "  Whitehead  '■  is  altogether  inferior  to  the  "  Loco- 
motive" and  "Auto-mobilc"  (controllable)  types;  the  "Sjmr"  and 
■'Towing"  cannot  be  used  as  such,  but  the  "Whitehead,"  though 
nasentially  a  ship  torpedo,  can  be  utilised  for  harbour  defence  by 
means  of  snbmei^ed  forts. 

The  superiority  of  the  "  Whitehead  "  over  the  "  Auto-mobile  "  tyjw 

(^  eontrollahle  torpedoes,  for  naval  purposes,  is  a  matter  of  opinion, 

and  will  be  more  particularly  discussed  when  Class  B  comes  to  be 

^•onsidered. 

^^LXllO  fi(par,or  u  it  is  sometimes  termed  the  "Pole  "or  "Out-rigger" 

^^^BtdoJltiMiliBiplest  form  of  n  submarine  offensive  weafmn  extant; 

H^Ua^  U  it  is  carried  to  the  point  of  attack  in  a  manntd  boat  or  ship, 

it  must  be  considered  as  possessing  the  feature  of  eontrollabilitif  in  the 

Burnt  absolute  manner. 

J>fffft.—lt  has,  however,  one  insuperable  defect  in  that  it  has  prac- 
tically no  range  of  attack,  and  therefore  in  these  days  of  machine  and 
i|aick-flriDg  guns,  electric  lights,  and  nets,  the  Spar  attack  can  be 
roKlily  rvpnlsed  by  a  ship  duly  prepared  to  meet  it. 

Empioymml    in    thr   American    Civil    War.  —  This   torjunlo    was 

fght  prominently  into  notice  by  its  successful  uppliiuition  during 
AmericftQ  Civil  War,  when  the  power  of  ship  defence  (M>m|)ared 
wbnl  if  poHible  in  that  direction  at  this  time  wa«  proportionately 
nodi  noaller  than  the  t^umparativc  catpabilitit^s  fur  attack  then 
noir.    Since  that  war  the  jwwer  of  ship  defence  has  develo|KHl  far 
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more  rapidly  than  the  means  of  attack  by  the  8par^  thas  causing  a 
demand  for  a  submarine  weapon  possessing  the  power  of  deliyering  its 
blow  at  a  distance  from  the  operating  point.  The  demand  thus 
created  was  for  a  time  satisfied  by  the  "Towing"  torpedo,  which 
weapon  has  since  been  discarded  for  the  "  Anto-mobile  Fish  "  torpedo : 
and  the  rapid  development  of  this  latter  type,  represented  by  the 
"  Whitehead,''  was  very  nearly  causing  the  "  Spar  "  to  share  the  fate 
of  the  "  Towing  "  torpedo. 

French  Successes. — The  Spar  would  have  probably  been,  before 
this  time,  expunged  from  the  list  of  naval  weapons  but  for  the 
successful  issue  of  its  employment  by  the  French  in  Chinese  waters 
in  1884. 

Value  Under  Special  Circumstances. — ^These  French  successes  with 
their  Spar  torpedoes  unquestionably  prove  that,  under  certain  given 
conditions,  this  weapon  is  most  effective  and  most  deadly;  as  for 
instance,  for  the  attack  of  a  ship  at  anchor,  unprovided  with  any  kind 
of  external  protection,  such  as  nets,  or  booms,  and  where  by  the  absence 
of  a  proper  look-out,  the  torpedo  boat  is  enabled  to  get  dose  up  to  the 
vessel  before  being  observed. 

Only  Successful  Torpedoes, — All  the  ships  that  have  so  hi  been 
injured  or  sunk  by  torpedoes  have  met  their  fate  at  the  hands  of  the 
Spar  torpedo,  with  the  exception  of  one  extremely  doubtful  case,  of 
a  vessel  sunk  by  a  "Whitehead  "  in  the  Russo-Turkish  war  of  1877, 
and  this  fact  alone  would  seem  a  sufficient  warranty  for  its  retention, 
if  only  as  an  auxiliary  weapon  of  submarine  offence  for  use  under 
certain  circumstances. 

Furtlier  Uses, — For  clearing  away  booms,  and  such  like  obstructions 
placed  across  a  harbour  or  river  mouth,  the  Spar  torpedo  will  be  found 
most  useful ;  while  it  has  the  advantiige  of  being  cheiip,  simple,  and 
readily  adapted  to  any  ordinary  service  boat. 

Improvements, — Since  its  first  conception,  the  Spar  torpedo  hus 
received  considerable  attention  with  a  view  to  simplify  its  fittings,  to 
increase  its  effectiveness,  and  to  insure  an  absolute  certainty  in  its 
action. 

The  introduction  of  the  higher  explosives,  dynamite  and  gun-cotton 
in  the  place  of  gunpowder,  the  use  of  steel  instead  of  wooden  spars, 
the  adoption  of  electrical  ignition  in  the  place  of  mechanical,  and  the 
develo})ment  of  the   fast  steam  torjedo  boat,  and  electrical  marine 
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piopalsioD,  hare  together  combined  to  very  greatly^  enhance  the  valae 
of  the  Spar  torpedo  as  a  weapon  of  offence  in  the  present  day. 

Deteription  of  the  McEvoi/  Type. — The  "  McEvoy  "  form  of  Spar 
lorpeflo,  sboun  at  PI.  IiXVIII.,  is  the  one  most  generally  used,  and  ia 
so  well  known  that  it  will  he  only  necessary  to  give  a  brief  descrip- 
tiun  of  it.  The  ease  A  containing  the  charge  of  explosive  is  provided 
with  a  socket  a  in  its  base,  in  which  the  hollow  steel  spar  S  is  fixed. 
The  amount  of  the  charge  varies  from  100  lbs.  downwards,  depending 
apon  the  class  of  boat  it  is  to  be  fitted  to.  At  Fig.  2  is  shown  a  plan 
of  tlie  corinectionB,  which  are  as  follows  :  One  pole  o  of  the  battery  B 
tit  one  tenuinal  of  the  fuze  by  the  wire  w ;  the  other  fuze  terminal  by 
the  wire  w'  to  the  contact  piene  r ;  the  other  contact  r'  by  the  wire  w" 
to  the  other  pole  z  of  the  battery,  and  in  this  wire  is  inserted  the 
contact  breaker  d ;  a  branch  circuit  is  formed  by  the  wire  tv'",  in  which 
ia  placed  the  tiring  key/.  At  Fig.  3  is  shown  an  enlarged  section  of 
this  tiring  key ;  the  contact  breaker  is  similar  to  this  key,  with  the 
exception  of  their  being  no  spring,  contact  being  made  or  broken  in 
this  case  by  screwing  together,  or  unscrewing  the  two  parts ;  by  means 
of  a  safety  wedge  the  key /may  be  prerented  from  acting. 

With  the  contact  breaker  unscrewed,  and  the  safety  wedge  in- 
serted in  the  tiring  key,  the  fuze  circuit  cannot  be  closed  either  by 
"oontact."  or  "iit  will  ";  with  d  dosed,  "contact"  firing  only  can  be 
used ;  with  d  open,  and  the  safety  wedge  removed  from  /,  "  at  will  " 
firing  only  is  possible ;  with  d  closed,  and  the  safety  wedge  of/  removed, 
either  kind  of  firing  is  possible.  To  insure  the  action  of  the  "  contact" 
firing  apparatus  when  the  blow  is  not  direct,  a  rocking  cradle  C  is 
fitted.  A  hullow  spat  is  used  to  protect  the  cable  containing  the 
three  insiiLtted  wires. 

In  attacking  a  ship,  firing  "  at  will "  would  not  be  necessary,  and 
if  osed  might  Icatl  to  the  premature  explosion  of  the  torpedo  in  tlio 
excitement  of  the  final  rush  under  fire;  it  would,  however,  bo  very 
luefo]  in  destroying  booms,  as  for  such  operations  it  might  be  required 
to  place  the  torpedo  underneath  the  boom,  and  fire  it  deliberately. 

General  Rcntarka. — When  fitted  U>  boats,  the  Spar  is  now  generally 
uimnged  to  bo  rigged  out  a-head,  and  the  neoessary  submersion  of  the 
torpedu  ia  iibtained  by  raising  the  heel,  the  pivot  Ifeing  fixed ;  if  useil 
in  ihips  the  spars  would  be  rigged  out  on  each  beam  and  fitted  in  b 
■imilar  manner  to  the  lower  boom!)  of  a  ship.     The  beam  rig  for  boats, 

Q  2 
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which  19  simply  a  tactical  conBidenitioii,  has  not  found  much  faTonr 
amongst  naval  men ;  while  the  Federal  scheme  of  a  dropping  magazine, 
reintrridiicf^l  by  Weeks'  patent  of  1883,  attacks  the  rery  essence  of 
the  effectireness  of  the  Spar  torpedo,  viz.  its  simplicity. 

Tlie  Berdan  Type. — Another  form  of  Spar  torpedo  attack,  devised 
by  Oapt,  McEvoy,  has  been  explained  at  page  223,  Chap.  HL,  by 
which  the  great  defect  of  the  true  form  of  Spar^  watU  of  range^  will 
\)(i  to  some  extent  overcome ;  and  with  a  similar  object  in  view  Greneral 
Ik;rdan  has  devised  a  form  of  torpedo  attack  which,  strictly  speaking, 
is  not  a  spar,  yet  has  all  the  features  common  to  that  weapon,  with 
the  a^ldition  of  lacing  capable  of  circumventing  a  ship's  net  defence. 

The  *^  Berdan  "  system  is  as  follows :  about  50  feet  abaft  the  bow  of 
the  torpedo  boat,  a  strong  tube  or  light  cannon  is  fixed  vertically  and 
opone^l  downwards,  one  on  each  side ;  in  each  of  these  tubes  a  torpedo 
(8  feet  by  14  inches)  is  placed,  and  connected  by  a  wire  to  a  stout 
bumpkin  placed  forward  on  each  bow.  The  torpedo  is  propelled  by 
means  of  four  (6-inch)  rocket  tubes,  each  32  inches  long,  and  carries  a 
200-lb.  charge  of  explosive. 

A  long  iK)lc  projects  ahead  of  the  boat,  which  on  striking  the 
enemy,  rev<;r808  the  boat's  engines,  and  fires  the  rockets;  the  gas, 
thus  goiuirated  by  the  rockets  in  the  tubes,  ejects  the  torpedoes 
downwards,  swinging  them  forward  round  the  bumpkins  as  centres 
by  the  wire,  thus  causing  them  to  p£tss  under  the  net  into  contact 
with  the  ship. 

B.  Towing  Torpedoes. 

Definition. — By  a  towing  torpedo  is  meant  a  charge  of  explosive 
contained  in  a  ctise  of  special  form,  arranged  to  be  diverged  from  the 
side  of  a  vessel  when  towed. 

In  tlio  present  form  it  c<m  be  fired  electrically  by  "contact,"  or  "at 
will,"  and  is  controllable  in  tliat  it  is  always  mechanically  connected 
by  towing  linos  to  the  vessel  from  which  it  is  operated. 

Historical. — This  species  of  torpedo  is  said  to  have  been  suggested 
as  far  back  as  1815,  and  it  had  been  intended  to  use  it  in  an  attack 
(m  the  U.  S.  steamer  Homatonic  in  1864,  but  it  was  reserved  for 
Captain  J.  Ij.  Harvey,  R.N.,  to  bring  it  into  pmctical  use  in  1869  ;  and 
this  class  of  torpedo  is  now  usually  known  by  his  name. 


The  "  Harrey  "  was,  in  the  first  inatance,  adopted  by  Russia  in 
1869,  then  by  England  (1S70),  and  afterwards  by  many  other  coun- 
tries. 

Special  forma. — In  France,  Germany,  and  the  United  States  special 
kinds  uf  Imeing  torpedoes  were  devised,  diflerinf^  somewhat  from 
the  original  "Harvey,"  as  adopted  by  Russia,  England,  and  other 
countries. 

Cauae  of  tta  being  discard^. — The  exceeding  skill  ami  judgment 
necessary  to  successfully  operate  this  torpeilo,  its  comparatively  short 
range  (only  some  70  to  lOU  yards),  and  the  rapid  development  of  the 
"  Whitehead,"  tended  to  grailually  bring  this  weapon  into  disfavour ; 
the  dual  blow  being  given  by  its  failure  in  the  hands  of  the  Uussiaiia  '' 
in  1877. 

Tito  French  were  the  last  to  retain  it,  but  in  1886  they  finally 
_diacimlt-d  it  in  favour  of  the  "  Whitehead." 

l)t»erij4ion  of  any  ttfpe  unnecessary. — As  the  lowing  torpedo  has  for 
t  presi-nt  fallen  into  complete  disuse,  and  as  all  the  princiiml  tyjies 
)  well  known,  it  will  be  unnecessary  tit  enter  into  n  description  of 

f  of  tbem. 

C.   DlEIOIBLE  TOEPEDOES. 

Definition.  —  By  dirigible   torpedoes  are   meant   those  which   are 

■itTDllable  only  in  respect  of  their  lateral  direction. 

The  "  Cullender  "  torpedo,  patented  in  1862,  is  one  of  the  earliest 

attempts    in  this   direction;   this   weapon  wns   propelled   by 

wkcts,  and  was  atecrcvd  by  means  of  light  lines  leading  from  the 

rodder  yoke  to  the  point  of  manipulation.     The  "  Callender  "  system 

bas  been  revived  within  the  last  few  years  in  the  "  Berdan  "  torpedo ; 

and   still   more    recently   the   *'  Nealy "   dirigible   torpedo   has   be«n 

patented. 

Daeription  of  the  Berdan  Type. — The  "  Berdan  "  system  of  diri- 
gihtt  torpedo  will  be  briefly  described  here,  though  it  has  not  yet 
pmrod  ita  practical  efticiency,  on  account  of  the  novelty  of  the  special 
I  devised  for  overcoming  the  obstruction  afforded  by  a  ship's 

J  D«tS. 

B  PI.  LXIX.  a  sectional  elevation  at  Fig.  1,  and  plan  at  Fig.  2, 

kIo  is  shown.     PI.  LXK.  illustrat«-a  the  mode  of  using  the 

i^wllicb  requires  two  torpedoes,  one  towed  by  the  other.     The 
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leadiDg  one  is  slightly  more  powerful  than  the  other,  and  is  dirigible, 
being  steered  from  the  shore  or  a  ship. 

The  torpedo  shown  in  PI.  LXIX.  is  31  feet  long,  21  inches  wide, 
31  inches  deep,  and  weighs  1^  tons. 

The  explosive  charge  is  220  lbs.  of  dynamite,  ignited  by  per- 
cussion. 

The  motive  power  consists  of  12  (6-inch)  rockets  B,  in  three  rows 
of  four  each ;  the  gas  generated  by  these  rockets  is  distributed  and 
directed  on  to  a  turbine  T  by  means  of  a  four-way  nozzle ;  the  revolu- 
tion of  the  turbine  operates  the  propeller  shaft  by  means  of  gearing, 
by  which  the  speed  is  reduced  tp  ordinary  limits.  Safety  valves  and  a 
firing  apparatus  for  igniting  the  rockets,  are  also  provided.  The 
steering  is  effected  by  means  of  two  finely  plaited  line-cords,  hooked 
to  the  yoke,  and  leading  to  two  reels  (each  holding  one  mile)  at  the 
operating  point  The  movement  of  the  rudder  is  effected  by  bringing 
an  increased  strain  on  one  or  other  of  the  yoke-lines,  by  means  of 
dynamometer  and  brakes.  The  position  of  the  torpedo  (the  leader)  at 
any  time  is  shown  by  means  of  a  rod  8  and  disc  fixed  to  the  top  of  it. 

This  torpedo  is  intended  to  run  on  the  surface  of  the  water,  and 
has  a  range  of  one  mile,  at  a  speed  (estimated)  of  24  knots  per  hour. 

The  viodus  operandi  of  this  system  is  briefly  as  follows : — 

The  two  torpedoes  are  started  together,  the  leader  A  being  slightly 
the  faster  of  the  two,  tows  B  behind  it. 

Either  or  both  may  be  charged,  but  A  only  is  steered ;  while  B  is 
provided  with  a  small  diving  rudder  a,  which  is  out  of  action  so  long 
as  the  wire  towing  rope  t,  30  or  40  yards  long,  is  taut. 

On  A  striking  a  net,  it  becomes  entangled  therewith,  and  conse- 
quently the  wire  towing  rope  slackens,  and  the  diving  rudder  of  B 
comes  into  action,  causing  it  to  dive  at  an  angle  of  15°,  and  con- 
tinuing on  its  way  by  its  own  motive  power  under  the  net  until  the 
towing  line  again  becomes  taut,  it  is  caused  to  ascend,  and  to  finally 
strike  the  ship  below  the  water-line. 

When  there  is  no  net,  the  same  thing  occurs,  only  the  effect  of  the 
explosion  is  more  damaging,  as  B  then  dives  under  the  bottom,  and 
explodes  at  a  greater  depth,  and  in  contact  with  the  weakest  part  of 
the  ship. 
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CHAPTER  V. 

CoMTBOLLABLE  ToBPEDOES  (continued). 

LoooMonTB— "  SiMB- Edison  "— ■'  Brennas  "— Auto-Mobile— 
Lay  " — "  Patbick  " — "  Nobdestelt." 

XiOoamotlKi  Torpedoes — I.  Dofiuilion— 2.  Ik«mpUori  ot  the  Simft-Ediion  Tjf — 
t.  E(p«riments  with  tlio  Sinu-EdiBon— 4.  Deeciiptioo  of  the  BtBoimn  Tjjie— 5.  Tho 
(Iflgiiutl  BKODan  Torpnla — 6.  Did  preheat  BreniuiD  Torpedci — 7-  Method  of  Piopul- 
rioo— 8.  Thu  opomlion  of  Bunning— a.  Trcflfut  Posilioa — 9o.  Tho  Muxim  Torpedo^ 
to.  The  citpAbilUie*  uf  the  I,ofoiuotavc  Torpedo  for  Offence  and  DeTpaoc — II.  Sim*- 
Kdicon  V.  Binniwi]— E.  Auto-MobilQ  Toipedoe»— 13.  DefloitioD— 13.  Tho  Lay  Type— 
ti.  The  ImproTwI  Uy— 15.  The  L«y-UAight  and  Patrick  Typta— 18.  Dowdption  of 
Ote  Patrick— 17.  The  Noidenfelt  Typt»— 1 8.  The  Autn-MoUle  v.  Tim  LofwuoUti'  Type 
-^IS.  Eoqaiiemeata  of  an  effeative  Aulo-Mobile  Torpedo— 2(i.  ComparatiTo  tuwila 
datermiufd  by  extent  of  their  rcopwlire  sphere*  of  Action— 11.  Ac  advutitage  cUimed 
tat  the  LonUDOtiTe  Type — 22.  An  effective  Auto-Mobile  Torpedo  tapeiior  to  thu 
Bcimiuui — 23.  Difleient  methods  of  Submergenco  uoiuidered — 34,  The  lM<it  method  of 
n«pQl«iati  ooniidered — 3S.  Adrantagei  of  Eleotrical  Propulaion- 26,  Thoir  OoinpaM- 
ttw  Herila  for  V»nl  Warfwp— 37.  Amerioan  Objpelion«-a8,  Validity  of  Objeotiuii* 
Willi  pMaout  knowledge — 29.  Their  uee  resUJrled  to  certun  phaaee  of  NaviJ  WerfUe 
— 8a  The  other  Objeotiou  ocmaidared— 31.  QucAlion  of  Size— 32.  Fault  of  Offleisl 
~  ~~  Method*  of  nnying  thom— SI.  The  Torpedo  of  the  future. 


D. — Locomotive  Tobpedoes. 

yEFINITION—Bj  "  Locomotive  "  controUahle  torpedoes  are  meant 
those  wbooe  motive  power  is  developed  &t  some  positioD  external 
lo  tbe  Hcapnna  tliemselves,  luid  to  which  they  ore  in  (Miinectioii  with, 
nllier  by  electrical,  «a  iii  tho  r"4i30  of  tho  "  Sima-EJi«ou,"  or  hy 
H^tonical  iDeaiiB,  as  iii  the  case  of  the  "Brciuian." 
■  LeKripiion  of  the  Sims-Edison  Type. — The  8im»-Editta  loocano- 
vte  torpedo  ia  the  outcome  of  the  ailvance  that  has  been  made  during 
tlie  lost  few  years  in  the  application  of  dectrieai  transmissiou  of 
I»wur  for  the  propulsion  of  vehicles  and  vessels,  ami  ia  uiiqaesliounbly 
»  Tery  decided  imprnvement  on  tho  original  type,  the  "  Ericasuo  " 
(1873) ;  this  latter  weapon  was  propelled  by  compressed  air  convoyed 
lo  t  motor  in  the  turpedo  by  meaoa  of  a  tubular  cable,  but  its  short 
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nm^^  ^jO  if^Aj  aokd  ^m  speed,  4  Imoti,  leadefed  it  a  aosI  nnaenriee- 

TIm;  SimuhEdimm  i^irpedo,  sIki^vii  at  PL  T^XXTT^  Yig.  1,  as  now  oon- 
itniel^y  /^onmto  of  a  ejlmAiical  hull  of  eofper  with  eonial  ends,  and 
M  prorid^i  irith  a  float,  also  of  ooffi^T,  fiUed  with  cotton  residexed  im- 
perrkrtis  to  water ;  in  eroai  leetkA  it  is  bfioader  at  the  top  than  under- 
neath, so  that  its  boDjanej  increases  rerj  lapdly  with  immersion* 

The  hnll  is  rigidlj  oonneeted  with  this  float  by  steel  rods,  the 
foremost  one  of  which,  slanting  to  the  rear  and  upwards  yrom  the  nose 
of  the  former  to  that  of  the  latter,  enables  it  to  cut  through  or  diTS 
omler  floating  obstructions.  Two  guide  rods  prorided  with  springs, 
so  that  thejr  may  give  way  when  passing  under  a  boom,  are  placed  as 
usual  on  the  float*  A  balanced  rudder  is  fitted  on  the  top  of  the  after 
cone  just  before  the  propeller  guide. 

The  propulsion  is  effected  by  means  of  a  20-light  Weston  dynamo 
situated  at  the  operating  station,  and  a  Siemens  motor  fixed  in  the 
torpedo ;  the  current  of  30  amperes,  KH.F.  600  volts  generated  by 
the  dynamo  (by  means  of  steam  power)  is  conveyed  to  the  torpedo 
through  one  insulated  core,  composed  of  twenty  No.  20  copper  wires,  of 
a  double  cored  cable,  of  which  a  quantity  is  reeled  up  in  the  torpedo. 

The  rudder  is  worked  by  means  of  two  large  electro-magnets 
operated  by  a  portion  of  the  main  current  switched  into  circuit  with 
one  or  other  of  the  magnets  by  the  aid  of  a  relay  which  is  manipu- 
\tiUA  from  the  station  by  a  small  current  transmitted  through  the 
second  core  composed  of  seven  No.  23  copper  wires. 

There  are  two  kinds  of  this  weapon  used  at  present  designated  by 
the  amount  of  the  cable  each  carries,  viz.  the  one  mile  (A),  and  the 
two  mile  (B)  torpedo. 

Dimensions  and  particulars  of  these  two  weapons  are  as  follows : — 
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Length  . 
Diameter 
Weight  of  hull 
Ii(*ngth  of  cable 
Charffo  . 
Bpood    . 
Huhmcrgonco  . 
Ii4*nKth  of  float 
Uuoyanoy 


A. 


28  feet. 
18  inches. 
1*6  tons. 
1  mile. 
200  lbs. 
10)  knots. 
3i  feet. 
20    ,. 
400  lbs. 


B. 


28  feet. 
21  inches. 
2  tons. 
2  miles. 
400  lbs. 
10}  knots. 
5  feet 
20  feet 
400  lbs. 
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IbpAfMMnte  with  the  Sinu-Editon. — A.  most  severe  and  exhatutive 
series  of  expemncDte  Iiuve  bc«n  carried  out  in  America  under  the 
direction  of  General  Abbot,  U.S.A.,  since  1880,  resulting  in  satisfactory 
resnlta  tn  every  gtarticular  except  in  the  matter  of  speed ;  amongst 
others  may  be  mentioned  the  charging  of  a  heavy  anchored  boom,  an<I 
the  riddling  of  its  float  by  shrapnel  and  machine  gun  fire,  and  in  both 
of  these  fiovere  tests  it  proved  most  successful, 
b  The  question  uf  higher  speed  is  only  of  course  a  question  of  the 
HnnHmission  of  more  power,  but  this  involves  the  use  of  a  cable  of 
larger  diameter,  consequently  of  greater  weight,  and  requiring  grt-ater 
stowage  room,  or  in  other  words  a  larger  sized  torpedo  for  the  same 
length  of  cable ;  while  as  considerable  trouble  has  been  experienced 
in  the  paying  out  of  the  smaller  cable  at  present  in  use,  any  increoso 
in  ita  size  might  possibly  cause  arlJitional  trouble  in  this  respect. 

Descri^ion  of  the  Brtnnan  type. — This  invention  has  recently  been 

ronght  prominently  before  the  public  by  reason  of  its  atloption  by 

B  English  Governmeut,  and  the  large  sum  of  money,  £110,000,  jiaid 

fur  its,  so  called,  secret,  and  for  the   sole   right   of  manufacture   in 

England,  and  also  through  the  iilustrated  articles  lately  published  in 

the  Emjitteerimj  (London),  purporting  to  give  a  full  explanation  of  the 

manipnlation   of    this    torpedo,   and    strongly   arguing    against    its 

adii|ition. 

^-       This  torpedo  was  invented  in  1876  by  Mr.  Brennan,  of  Melboumo, 

H^wtimlia,  and  was  pat«nted  in  England  in  the  following  year;  it 

HpH  brought  to  Chatham,  the  heatlciuarters  of  the  R.  E.  torpedo  corps 

bi  11^1,  after  being  favourably  reported  on  by  a  committee  of  EugUsh 

Naval  officers  of  the  Australian   squadron.      It   successfully  passed 

throngh  its  initial  trials  at  Chatham,  and  was  provisionally  adoptwl; 

tho  inventor  was  paid  £5000,  and  an  annual  sum  of  £1000  for  five 

yeus. 

The  Original  Brennan  Torpedo.  —  The  considerable  amount  of 
H^terett  taken  in  the  a<lopiion  of  lite  Brennan  torpedo  by  the  Dritish 
^BoverumeDt,  not  so  much  because  of  the  utility  of  this  invention,  but 
^^■^MSgont  of  tho  peculiarity  of  its  method  of  pMpulsion,  and  also 
^^^HBlS  of  tho  very  large  sum  of  money  paid  for  this  weapon,  has 
^^HUnH  the  aathor  to  include  a  description  of  this  torpedo  na  K<t 
forth  in  Mr.  Drennan'a  patent  of  1877,  as  well  as  u  description  uf  a 
modified  form  of  Brennan  as  stated  in  Mr.  H.  Maxim's  i)atent  of  1886, 
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in  iulditkm  to  the  description  which  has  appeared  in  the  Engineering 
of  the  improved  R  E.  (Brennan)  torpedo. 

At  PL  LDL  is  shown  drawings  of  the  original  Brennas^  where 
Fig.  1  is  a  side  elevation^  Fig.  2  a  longitudinal  section.  Fig.  3  a 
sectional  plan.  Fig.  4  a  plan.  Fig.  5  section  on  ^J5  (Fig.  2),  and 
Fig.  6  a  section  of  A^  (Fig.  1).    A  and  B  are  the  drams  on  which  the 
wires  A^  and  B^  is  wound.    This  wire  passes  between  the  lips  A\  the 
constniction  of  which  is  clearly  shown  in  Fig.  6,  and  also  through 
guides  A^A^f  at  the  stern,  so  as  to  prevent  said  wire  from  fouling 
either  the  radder  or  the  propeller.    The  drums  are  attached  to  mitre 
wheels  A^,  J8*,  respectively,  which  run  loosely  on  their  respective  shafts 
A^  and  J5*.    3Iitre  wheel  A^  gears  into  and  drives  another  mitre  wheel 
A*,  fitted  near  the  end  of  solid  shaft  A''.    This  solid  shaft  has  a  screw 
thread  cut  on  its  periphery  at  A^,  and  carries  another  mitre  wheel  il*, 
and  a  casting  consisting  of  boss  and  spindles  A^^  and  A^^,  carrying 
mitre  wheels  A^^  and  A^^.    This  solid  shaft  is  connected  at  A^^  to  the 
propeller  shaft  A^^  by  stem  of  fork  ^1".     -4"  are  coUars  fitting  in 
recesses  in  the  thrust  bearing  -4";  -4"  is  the  propeller;  jB*  carries 
a  mitre  wheel  £*,  which  gears  into  and  drives  another  mitre  wheel  JS*, 
forming  the  end  of  hollow  shaft  B\    This  hollow  shaft  has  two  slots 
cut  in  it,  one  opposite  the  other,  and  both  in  opposition  to  the  screw 
thread  A^,  which  slots  are  covered  by  a  nut  or  collar  B^,  made  in  two 
halves,  and  having  a  projecting  screw  thread  cut  on  its  inner  face,  as 
shown  in  detail  sketch  between  the  plan  and  the  horizontal  section, 
one  being  a  face  view  and  the  other  a  side  view  of  said  collar.     Said 
hollow  shaft  terminates  in  a  mitre  wheel  B^,  which  gears  into  wheels 
-4"  and  A^^.     The  groove  on  the  outer  periphery  of  nut  or  collar  B^ 
receives  a  stud  0  on  the  end  of  lever  arm  C^,  hinged  to  the  side  of  the 
vessel  at  (P.    This  lever  arm  carries  a  pin  (P,  which  works  in  a  slot  in 
lever  arm  C*,  connected  to  the  top  of  vertical  spindle  C^,  at  the  bottom 
of  which  is  a  cross  piece  C^.    Each  end  of  this  cross  piece  is  connected 
to  opposite  sides  of  the  rudder  C^  by  means  of  wires  (7  passing  through 
tubes  C.    D,  2),  are  fins  consisting  of  strong  metal  plate,  each  fin 
supported  by  a  spindle,  the  outer  end  of  which  is  carried  in  bent  arm 
D^,  and  the  inner  end  turned,  tapered,  and  ground  to  fit  a  conical  seat 
in  the  casting  D\    The  inner  end  of  these  spindles  is  squared  to  fit 
into  square  holes  in  the  rocking  piece  D^ ;  D\  D*,  are  wire  rods  con- 
necting said  rocking  piece  to  cross  piece  JD*,  operated  by  levers  J)^, 


whicb  is  attached  to  vertical  spindle  i>* ;  D*  is  a  ooiled  spring, 
and  D*  is  a  leather  contrivance  like  a  dry  meter,  exposed  to  the 
pn-aaure  of  the  water  outside  throu(i;h  hole  D'".  £  is  a  mast,  con- 
sisting tif  a  steel  blade  carrying  a  disc  or  flag  to  indicate  its  position. 
This  blade,  carrj'ing  a  disc,  is  supported  on  a  horizontal  pin  E^  pro- 
jecting from  the  side  of  the  torpedo,  which  pin  is  held  by  one  end  of 
a  coiled  spring  P,  the  other  end  being  fastened  to  the  containing  box 
E",  This  spring  is  to  allow  the  mast  to  give  to  the  pressure  of  any 
ubstrnction,  and  to  compel  it  to  retnrn  to  its  upright  position  as  stton 
us  siR-h  nhstmctioD  is  passed,  if  is  a  lid,  which  is  screwed  down  with 
suitable  water-tight  packing. 

The  method  of  operation  is  ua  follows : — First,  so  far  as  regards  the 
propalsion  only.  On  each  of  th<.^  drums  A  and  £  a  quantity  of  wire  is 
wound,/ot4r  times  the  length  of  the  distanu.*  to  which  the  torpedo  is 
to  be  propelled ;  thus,  if  it  is  conteniplatod  to  propel  it  »  quarter  of 
a  mile,  a  mile  of  wire  is  wound  on  each  dnun. 

The  wires  are  passed  between  the  lips  A'',  iind  through  the  guides 
A'  and  JS',  and  fasten  tlie  ends  to  the  respective  stationary  drums  on 
shore.  The  torpedo  is  launched,  and  tho  engine  started  which  is  to 
work  the  wtidndtng  reels  or  drums  us  Dear  simultaneously  as  jMJssible, 
with  this  result,  that  the  vessel  ia  propelled  by  the  revolution  of  the 
propeller  produced  by  the  motion  of  the  dnims  A  and  h. 

If  the  torpedo  requires  to  travel  more  to  the  right  it  can  be 
ctnnpeUed  to  ilo  so  by  increasing  the  velocity  of  the  shore  drum, 
which  is  unwinding  the  wire  from  the  drum  B,  or  decreasing  tho 
v*.'locTity  of  the  other,  or  by  increasing  one  end  and  decreasing  the 
ilior  at  one  and  the  same  time. 

The  way  in  which  the  guiding  is  effot^ted  is  thus: — When  the 
int-rcuMMl  velocity  is  given  to  the  drum  S  it  imparts  a  quicker  motion 
bi  the  hollow  shaft  B''  than  that  which  is  given  to  tho  solid  shaft  A^, 
Iht;  result  of  which  ia  that  the  nut  or  c<»llttr  B'  travels  on  the  screw 
liinwl  A'  towards  the  drum  B.  As  it  travels  it  carries  with  it  the 
1  lid  C  (which  catches  in  tho  groove  iu  its  outer  periphery),  and  bo 
•'pcrates  the  hinged  lever  ami  C,  which  in  its  turn  moves  the  radiating 
lever  arm  C*  by  means  of  pin  (P,  and  ao  moves  the  cross  piece  C*  at 
the  bottom  of  tlie  vertical  sjiiudle  C\  This  cross  piece  iu  its  turn 
uoTM  tho  rudder  through  connecting  wires  C*. 

In  order  to  give  either  an  upward  or  downward  direction  to  the 
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torpedo,  as  may  be  required,  the  nose  of  the  fins  D,  A  is  raised  or 
depressed  by  means  of  the  leather  contrivance  D*,  which  is  pressed 
upwards  whenever  the  pressure  of  the  water  is  greater  than  that  of  the 
coiled  spring  D® ;  that  is  to  say,  whenever  the  vessel  sinks  too  deep 
the  contrivance  D*  is  pressed  upward,  with  this  result,  that  it  depresses 
the  nose  of  the  fins  D,  D,  through  the  intermediate  gearing  shown  in 
longitudinal  and  horizontal  sections,  and  causes  the  bow  of  the  torpedo 
to  rise  and  travel  upwards  until  the  equilibrium  between  the  pressure 
of  the  water  and  that  of  the  coiled  spring  D®  is  restored.  An  opposite 
effect  is  necessarily  produced  if  the  torpedo  rises  too  high. 

The  'present  Brennan  Torpedo, — The  present  Brennan,  perfected 
under  the  auspices  of  the  Chatham  torpedo  authorities,  is  stated  to 
have  a  speed  of  20  miles  per  hour,  a  range  of  1^  miles,  and  to  be 
capable  of  lateral  control  in  a  limited  degree.  It  is  run  at  a  depth 
of  10  feet  below  the  surface  by  a  modified  arrangement  of  the 
"Whitehead"  submerging  apparatus,  and  it  is  provided  with  two 
propellers  P,  P',  PI.  LXXI.,  revolving  in  oppositje  directions  on  the 
same  line  of  shafting  on  the  same  plan  of  bevel  wheel  gearing  D  as 
devised  for  the  "  Whitehead."  The  mode  of  propulsion  and  of  lateral 
steering  adopted  in  the  Brennan  is  a  distinct  novelty,  of  which  the 
following  brief  description  is  taken  from  the  Engineering. 

Method  of  Propulsion. — The  propulsion  is  effected  by  the  rapid 
unwinding  of  two  steel  piano  wires  w,  w'  from  two  drums  or  reels 
A  and  P,  PI.  LXXI.,  Fig.  1,  placed  in  the  interior  of  the  torpedo,  and 
connected  respectively  to  the  two  propeller  shafts,  s,  s^  thereby  causing 
the  two  propellers  to  revolve  at  a  high  rate  of  speed,  and  consequently 
forcing  the  torpedo  through  the  water.  The  unwinding  of  these  two 
wires  is  effected  by  means  of  a  powerful  steam  winding  engine, 
PL  LXXI  A.,  placed  at  the  operating  station  on  shore. 

An  apparent  paradox  is  involved  in  this  form  of  propulsion,  in  the 
fact  that  the  harder  the  torpedo  is  pulled  back  the  faster  it  goes 
ahead;  but  on  consideration  it  will  be  seen  that  by  hauling  in  the 
wires  at  a  certain  rate,  a  corresponding  rate  of  revolution  is  imparted 
to  the  drums,  which  are  fixed  to  the  propeller  shafts  in  the  torpedo, 
and  so  to  the  two  propellers,  which  are  thereby  capable  of  developing 
a  certain  horse-power.  If  this  power  thus  developed  be  then  suffi- 
cient to  overcome  the  retarding  strain  on  the  wires,  and  to  leave 
a  margin  of  thrust,  then  the  torpedo  must  be  propelled  through  the 
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wftter ;  uid  the  only  limit  to  its  speed  is  apparently  the  strength  of 
the  wires. 

The  movement  of  the  vertical  rudder  r,  r,  for  laterally  steering  tliis 
weapon  is  efTected  by  imparting  to  the  two  torpedo  dnuns  a  diiforeut 
^ftt4^  uf  rt-volutioD,  i.e.  either  increasing  the  speed  of  one,  or  decreasing 
tbo  Bpe*d  ttf  the  other  drum ;  a  forked  lever  I  attached  to  the  rudder 
yoke  is  Inrouglit  into  connection  at  its  inner  end  with  a  grooved 
collar  n ;  this  collar  is  provided  with  an  internal  screw  thread,  and 
engages  through  a  longitudinal  slot  in  the  outer  hollow  propeller 
shaft  «'  with  a  screw  thread  o  cut  on  the  inner  solid  shaft.  So  long  as 
the  speed  a  of  the  two  propeller  shafts,  which  up  to  a  certain  point 
revolve  in  the  some  direction,  are  equal,  the  collar  and  the  shafts  will 
revolve  together  ;  but  the  instant  a  difference  of  speed  is  imparted  to 
the  two  drums,  or  two  propeller  shafts,  the  collar  will  be  forced  to 
travel  either  aft  or  forwani,  causing  the  rudder  to  be  moved  to  port,  or 
starbonni,  depending  Upon  the  nature  of  the  screw  threads,  and  which 
of  thw  shafts  is  increased  or  decreased  in  speed. 

The  shore  winding  engine  designed  at  Chatham,  and  constructed 
by  Heaars.  Yarrow  &  Co.,  shown  at  PI.  LXXL4.,  consists  of  two  drums 
3  ft  in  diameter,  driven  by  a  pair  of  directnicting  high-pressuro 
engines  running  at  a  great  speed.  Each  cylinder  ts  cast  with  the 
oolomn  under  it,  the  latter  being  very  strong  and  of  such  a  form  as  to 
enclose  the  main  working  parts  of  the  engine,  and  to  prevent  the  wires 
fium  liccoming  entangled  with  any  part  of  the  engines  in  the  event  of 
either  or  both  of  them  breaking.  The  engines  are  fitted  with  valve 
gear,  which  can  be  reversed  or  linkwl  up  so  as  to  work  expansively. 
The  steam  is  admitted  by  means  of  a  valve  common  to  both  engines, 
beside*  which  a  governor  is  also  fitted.  The  drums,  running  loose  on 
tbu  sltofting,  are  connected  by  a  "jack-in-the-box"  arrangement,  by 
which  their  respective  speeils  o-an  be  regulated  by  means  of  a  foot' 
brake  without  altering  the  s|)eed  of  the  engines.  This  "jack-in-the- 
box  "  is  arrangeil  as  follows  :  Cost  solid  on  or  bolted  to  each  drum  is  a 
mitre  wh<.«l,  and  coimeeting  these  two  mitre  wheels  are  two  smaller 
one*,  revolving  on  their  own  centres,  (Ued  on  a  carrier  which  is  keyed 
to  the  main  shaft.  As  soon  as  the  main  engine  starts,  the  two  small 
mitre  wheels,  which  are  in  one  with  the  shaft,  are  revolved  with  it,  and 
carry  ronnd  with  them  the  two  larger  mitre  wheels  and  consequently 
Ute  drams  as  well.     Hence  it  will  be  seen  that  on  the  brake  being 
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applied  to  one  of  the  drums,  the  small  mitre  wheels  will  be  thereby 
caused  to  revolve  round  their  own  centres,  the  effect  of  which  is  to 
increase  the  speed  of  the  other  drum.  In  proportion  as  the  speed 
of  the  one  decreases  the  other  increases.  The  columns  are  braced 
together  under  the  cylinders  by  another  casting,  and  the  whole 
stands  upon  a  cast-iron  sole-plate,  thus  making  a  very  rigid  forma- 
tion. The  engine  is  capable  of  working  up  to  100  indicated 
horse-power. 

The  Operation  of  Btmning. — The  operation  of  running  this  torpedo 
is  as  follows : — 

The  torpedo  is  placed  on  a  lauching  carriage,  which  is  constructed 
in  such  a  manner  that  the  torpedo  is  automatically  set  free,  and 
launched  or  pitched  clear  of  it  into  the  water,  on  the  carriage  reaching 
the  desired  position  on  the  line  of  rails,  which  are  laid  on  an  incline 
to  the  water's  edge ;  the  hydrostatic  valve  is  then  set  with  the  bow 
horizontal  rudders  B,  B  at  the  proper  deflection  upwards  for  the  par- 
ticular depth  and  speed  it  is  intended  to  Tun  the  torpedo  at,  the  speed 
being  regulated  by  the  number  of  revolutions  given  to  the  winding-in 
drums.  The  shore  ends  of  the  two  wires  are  taken  from  the  torpedo, 
secured  to  their  respective  winding  drums,  and  one  or  two  turns  of  the 
wires  wound  on.  The  carriage  with  the  torpedo  is  then  run  down  the 
incline,  and  the  latter  launched  automatically  into  the  water,  the 
winding  engines  being  at  the  same  instant  started.  The  torpedo  then 
runs  the  required  course  and  distance,  being  maintained  in  a  straight 
direction  for  the  object  aimed  at  by  the  necessary  movement  of  the 
stern  vertical  rudders  to  port  or  starboard ;  its  course  being  indicated 
to  the  observer  by  a  single  steel  telescopic  mast  surmounted  by  a  disc 
or  flag,  or  as  shown  in  PL  LXXI.,  Fig.  1,  by  the  emission  of 
phosphorescent  light  and  smoke  from  h. 

In  the  manipulation  of  the  torpedo  at  Sheerness  the  wires  are  led 
above  water  from  it  to  the  engine  room  situated  in  the  fort  at  a  con- 
siderable height  above  the  water;  if  this  is  a  necessary  feature  it 
must  obviously  be  detrimental  to  its  practical  application  for  general 
use,  as  the  wires  might  be  readily  broken  by  the  enemy,  or  accidentally 
damaged  by  a  vessel  passing  between  the  torpedo  and  the  shore ;  the 
latter  mishap  actually  occurred  during  one  of  the  experimental  runs 
of  this  weapon. 

Present  Position, — The  following  description  of  the  present  position 
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of  the  "  Brennan  "  is  taken  from  the  Army  and  Navy  Gaeetle,  Kovembet 
aetb,  1887. 

" .  .  .  .  Aecutacjr  of  directlun  in  a  vertical  plane  has  been  obtained 

an  entirely  new  depth-regulating  apparatus,  which  is  one  of  the 
principal  '  secrets '  of  the  torpedo.  ^Vuotber  is  the  contrivance  for 
exploding,  which  is  also  quite  new  and  extremely  sensitive.  There 
J8  no  pi:j(ol,  as  in  the  Whitehead  and  Woolwich  varieties ;  but  the 
exphiding  gear  is  contained  inside  the  fish,  which  is  of  finer  lines  at 
both  euds  tban  has  hitherto  been  usual.  One  of  the  most  perplexing 
difficulties  that  arose  in  the  early  experiments  was  the  excessive 
ruUing  motion  of  the  torpedo ;  but  this  haa  been  completely  over- 
tnme  by  a  judicious  alteration  in  the  position  of  the  driving-wires. 
There  are  automatic  indicators  that  trace  diagrams  recording  accurately 
thp  variations  in  depth,  the  rolling,  every  alteration  of  both  sets  of 
niddcre,  and  the  speed  at  any  given  moment  of  each  run.  The 
amngeinent  for  uniformity  of  depth  is  in  no  way  affected  by  any 
change  of  speed.  The  light  sfeel  mast,  carrying  the  small  flag  by 
which  the  course  of  the  torpedo  is  known  to  the  operator,  absorbs 
tour  knots  of  the  speed  by  its  resistance ;  but  as  yet  no  contrivance 
has  beea  invented  to  supersede  it,  and  Mr.  Brennan  is  not  hopeful 
that  one  ever  will  be.  For  night  work  the  mast  carries  a  small 
p)eetrtc-lamp  of  1(1  candle-power,  enclosed  in  a  funnel-shaped  shade, 
thv  apox,  of  course,  pointing  towards  the  enemy.  The  fixed  engines 
for  driving  the  torpedo  at  the  various  points  on  the  coast  where  it 
may  bo  decided  to  establish  a  station  will  be  of  1(X)  horse-power. 
AH  idea  ofimng  it  on  board  ship  kaa  long  been  given  up. 

The  Maxim  Torpedo. — The  following  description  of  this  torpedo, 
which  is  a  modification  of  the  Brentian,  has  been  taken  from  Mf. 
H.  Uaxim's  patent  of  1886.  This  same  patent  also  includes  tho 
dMKriptio&  of  a  torpedo  on  a  similar  system,  but  designed  to  be 
pvopelled  and  manipulated  through  the  agency  of  n  single  wire. 

The  Haxim  (wo-wire  torpedo  is  shown  in  I'l.  LXXIb.,  whore  Fig.  1 
ia  a  geneial  view.  Fig.  2  a  plan,  and  Fig.  3  a  vertical  section, 

A  is  the  hull;  A^  the  pipe  or  fairlcad  for  the  wires;  B^,B,  the 
prupcUvn;  £*  the  rudder;  L  a  signal  oscillating  mast  fixed  in  a 
socket  X*,  firmly  attached  to  one  of  the  side  wings  or  fins  H. 

I?  M  A  plate  which  is  pivoted  at  L*  to  the  mast  L,  and  is  held 
doini  against  a  shoulder  L^  on  the  said  mast  by  means  of  a  spring  I/, 
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SO  that  it  will  yield  when  subjected  to  the  action  of  a  wave.  This 
plate  is  designed  to  counteract  any  tendency  of  the  torpedo  to  make 
sadden  plunges  by  reason  of  the  action  of  the  wares  thereon,  or  from 
other  causes.  Should  the  torpedo  make  a  plunge  it  will  be  preyented 
from  sinking  below  the  plate  L^  by  the  action  of  the  water  thereon, 
which  will  compress  the  spring  L*,  and  will  at  the  same  time  move 
the  mast  L,  and  consequently  the  fins  or  wings  H^  into  the  proper 
position  to  cause  the  torpedo  to  rise  in  the  water. 

Two  wires  a,  a^  are  employed  for  effecting  the  yarious  operations 
necessary  in  manoouvring  the  torpedo.  A  reel  or  drum  D  is  fixed 
upon  the  propeller-shaft  C^,  and  another  reel  or  drum  D^  is  fixed  upon 
the  propeller-shaft  C.  Each  of  the  wires  from  these  drums  is  passed 
first  around  a  guide-pulley  a^  fitted  to  slide  longitudinally  upon  a 
stationary  rod  a*,  and  then  around  a  pulley  2^,  carried  by  a  brake- 
lever  F.  The  wires  a,  a^  are  also  passed  around  guide-pulleys  6, 
carried  by  brackets  attached  to  the  bulkhead  A\  The  said  wires  are 
then  conducted  around  opposite  sides  of  two  pulleys  V,  b\  fitted  to 
rotate  upon  a  pin  or  stud  fixed  in  the  forward  end  of  the  lever  or 
tiller  E^ ;  they  are  then  crossed  as  shown,  and  passed  around  opposite 
sides  of  two  pulleys  l^  I*,  fitted  to  rotate  upon  the  upper  end  of  the 
rudder  post  E.  The  said  wires  are  then  conducted  through  pipes  A^ 
to  any  suitable  winding  apparatus  on  the  land  or  on  a  ship  or  vessel. 

The  rear  end  of  the  rod  K^  is  coupled  to  the  nut  K^,  and  is 
designed  to  be  operated  by  means  of  a  ratchet  and  pawl  mechanism. 
The  forward  end  of  the  said  rod  E^  is  coupled  to  the  tail  piece  Z'  of  a 
catch  t7*,  which  is  pivoted  to  the  shell  or  casing  A.  This  catch 
engages  with  a  shoulder  or  projection  on  a  plunger  eP^  which  is  fitted 
to  slide  vertically  upon  a  hollow  upright  or  standard  secured  to  the 
shell  or  casing  A,  and  which  is  acted  upon  by  a  spring. 

^  is  a  diaphragm  which  is  fixed  in  a  casing  iV^,  and  is  firmly 
connected  with  a  spindle  IP.  The  upper  half  of  the  casing  N^  is 
connected  by  means  of  a  hollow  extension  IP  with  the  shell  or 
casing  A,  and  is  open  for  the  admission  of  water  from  the  outside 
of  the  torpedo,  so  that  one  side  of  the  diaphragm  N  may  be  subjected 
to  the  pressure  of  the  water.  This  pressure  is  counteracted  by  a 
spring  IPy  one  end  of  which  bears  against  the  shell  or  casing  A,  whilst 
its  other  end  bears  against  a  shoulder  or  collar  iV*  on  the  spindle  iV' 
of  the  diaphragm,    j  is  a  short  link,  one  end  of  which  is  coupled  to 
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the  collar  N*,  the  other  end  being  coupled  to  one  ann  of  a  heli>crank 
lerer  H^,  fixed  opoa  the  shaft  S\  which  carries  the  side  wings  or 
fins  n.  To  the  lower  end  of  the  other  arm  of  the  bell-craiik  lever  W 
is  coapled  the  forward  end  of  a  rod  y,  the  rear  end  of  which  is  coupled 
to  a  lever  j*,  arranged  to  operate  a  clutch  0",  for  the  purpose  of 
patting  Hu  oscillating  pump  0  in  gear  with  one  or  the  other  of  the 
propcUet  shafts  C,  C^,  as  desired. 

The  pump  0  is  arranged  to  be  operated  by  means  of  a  worm- 
'Vheel  0*  mounted  on  the  shaft,  and  driven  by  a  worm  or  tangent 
gcTCw  tP,  formed  or  fixed  on  the  movable  part  of  the  clutch  C,  which 
is  tittt-^I  to  slide  on  the  shaft  O.  The  piston  or  plunger  of  the  said 
|>ump  is  connected  by  a  rod  ivith  a  crank-pin  fixed  in  the  worm- 
■bool  0';  and  the  said  puiup  is  so  arranged  that  when  driven  by  tbo 
shaft  6"  it  will  deliver  water  into  the  torpedo,  and,  when  driven  by 
the  nhaft  C,  it  will  eject  water  from  the  torpedo.  By  these  means  the 
torpedo  may  be  caused  to  sink  to  a  certain  depth  below  the  surface  of 
the  water,  and  to  remain  at  this  depth. 

The  diaphragm  N  and  the  spring  JP  are  so  arranged  that  the 
pressure  of  water  on  the  said  diaphragm  will  tend  to  move  it  in  one 
direction,  and  the  said  spring  will  tend  to  move  it  in  the  reverse 
direction.  If  the  spring  is  of  sufficient  strength  to  resist  a  pressure  on 
the  diaphragm  of,  say  5  pounds  per  square  inch,  the  torpedo  will  sink 
ontil  it  reaches  a  depth  of  about  10  feet  below  the  surface  of  the 
water;  the  spring  will  then  bo  compressed  by  the  pressure  of  the 
watsr,  and  the  diaphragm  and  its  spindle  will  move  downwards.  In 
\ku  downwani  movement  the  bell-crank  lever  IP  will  be  turned  upon 
ItA  pi%-ot,  and  will  put  the  worm  O"  in  gear  with  the  shaft  C,  so  that 
Ibc  water  will  I>e  pumped  out  of  the  torpedo,  and  the  sinking  of  the 
t*tter  to  a  greater  depth  will  be  prevented.  Moreover,  if  the  torpedo 
ilrM«Dd«  Ixdow  the  desired  depth,  the  shaft  IP  will  be  turned  so  as  to 
><nng  the  side  wings  or  fins  taUt  jtosition  to  ttausu  the  torpedo  to  riae 
■1  Ihii  wat«r.  Should  the  torpedo  riao  above  the  desired  depth  the 
-  tion  of  the  said  pump  will  bo  revcraeil,  and  the  .wid  wings  or  tinn 
^xljaatvl  to  cause  tlio  torpedo  to  sink,  the  spring  N^  being  enabled  to 
laoTi'  the  diaphragm  against  the  diminished  pressure  of  the  water. 

To  provide  for  enabling  a  torpedo  to  move  out  from  the  shore  in 
-riKlluw  water  and  then  sink  to  a  greater  depth,  or,  in  other  words,  to 
:  .vide  for  the  sinking  of  the  torpedo  after  a  predetermined  number 
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of  revolutions  of  the  reel  or  drum  D,  a  spring  is  arranged  to  act  npon 
the  diaphragm  N  in  the  same  direction  as  the  pressure  of  the  water. 
The  outer  end  of  this  spring  bears  against  a  hollow  piston  fitted  to 
slide  up  and  down  in  the  extension  JV^,  and  perforated  to  permit  the 
entrance  of  water  into  the  casing  N^.  The  said  spring  is  held  in 
compression  by  means  of  a  sliding  bar  m^,  which  passes  through  a 
stuffing  box  in  the  extension  Jp-  of  the  casing  IP.  The  outer  end  of 
the  bar  is  supported  in  a  bracket  m}  attached  to  the  extension  N^. 
The  sliding  bar  m}  is  provided  with  ratchet-teeth  in\  and  has  an 
intermittent  motion  imparted  to  it  by  means  of  a  pawl  which  is 
pivoted  to  the  short  arm  of  a  bell-crank  lever  m* ;  this  lever  is  pivoted 
to  the  shell  or  casing  A^  and  has  its  long  arm  connected  by  a  rod  n  to 
a  crank-pin  fixed  in  a  worm-wheel  w^,  geared  with  a  worm  or  tangent 
screw  n^  formed  or  fixed  on  the  shaft  (7^.  It  will  therefore  be  seen 
that  as  soon  as  the  reel  or  drum  has  revolved  a  sufficient  number  of 
times  to  move  the  sliding  bar  m}  out  of  engagement  with  the  spring 
the  latter  will  expand,  and  its  pressure  being  thus  removed  from  the 
diaphragm  N,  the  latter  will  be  forced  outwards  by  the  spring  iV^,  and 
will,  through  the  medium  of  the  lever  fi^,  turn  the  wings  or  fins  H  so 
as  to  cause  the  torpedo  to  sink  deeper  in  the  water.  This  movement 
of  the  lever  H^  will  also  put  the  pumps  0  in  gear  with  the  shaft  (7^,  so 
that  water  will  thereby  be  also  forced  into  the  torpedo.  The  torpedo 
will  then  continue  to  sink  until  the  pressure  upon  the  diaphragm,  due 
to  the  increased  head  of  water,  is  greater  than  the  force  exerted  by  the 
spring  N^,  after  which  the  torpedo  will  remain  at  the  desired  depth. 

To  render  the  torpedo  safe  to  handle,  that  is  to  say,  to  prevent  the 
explosion  thereof  until  after  it  has  travelled  a  certain  distance  through 
the  water,  a  device  is  provided  which  necessitates  the  turning  of  the 
propellers  a  certain  number  of  times  before  the  priming  charge  will  be 
in  position  to  be  struck  by  the  firing  pin  or  striker.  The  sliding 
bar  m}  has  attached  thereto  one  end  of  a  rod,  which  is  carried  in 
a  bracket  attached  to  the  shell  or  casing  A.  The  forward  end  of  this 
rod  engages  with  one  arm  of  a  bell-crank  lever  A,  pivoted  to  a  bracket 
secured  to  the  foremost  division  plate  or  bulkhead.  The  other  arm  of 
the  said  lever  is  forked,  and  extends  between  shoulders  or  collars  on 
the  rod  /^,  so  that  it  holds  the  priming  charge  out  of  reach  of  the 
firing  pin  or  striker.  When  the  torpedo  has  moved  a  certain  distance 
through  the  water  the  sliding  bar  will  be  disengaged  from  the  lever  //, 
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and  the  priming  will  be  moT«d  by  the  spring  g^  into  position  to  be 
rack  by  tbe  firing  pin  as  soon  as  the  torpedo  comes  in  contact  with 
Uhip  or  other  object  against  nhich  it  is  directed. 

Should  the  torpedo  fail  to  strike  an  object  against  which  it  is 
directe<l  the  turpedo  can  be  brought  to  the  top  of  the  water  by 
moving  the  rudder  a  certain  number  of  times  alternately  from  port 
to  Bturboaid,  and  tiVe  versa,  so  as  to  ojierato  the  ratchet  lever  i,  and 
thus  draw  hack  the  rod  S}  and  release  the  catch  J*  from  the  shoulder. 
The  spring  will  then  fuwe  thf  hollow  plunger  J^"  upward,  so  that 
a  piojoction  tbpret>n  will  strike  the  arm  of  the  lever  ff',  and  thus  turn 
the  side  wings  or  fins  H  into  position  to  cause  the  t<irpedo  to  rise,  and 
at  the  same  time  start  the  pump  0  in  the  projrer  direction  to  pump 
water  out  of  the  torpedo  and  strike  the  bell-crank  lever  A,  and  thereby 
draw  the  priming  out  of  reach  of  the  firing  pin  or  striker. 

The  steering  or  movement  of  the  rudder  is  efiecte<l  by  putting 
difftrent  stresses  upon  the  different  wires,  and  thus  compelling  the 
jmllvys  fc',  fc*,  and  lever  or  tiller  E*,  to  move  either  to  port  or  to 

Hgtaubonrd.  or,  in   other   words,  by  rotating   the   propeller   shafts   at 

^BUbrcnt  velocities. 

^r  The  CapahilUUt  of  the  Loeomolive  Torpedo  for  Offence  and  Defewe, — 
For  offensive  purposes,  »,e,  for  use  as  a  ship  weapon,  both  the  "  Sims- 
Edi«on  "  (electrical),  and  the  "  Bronnau  "  (mechanical),  are  considered 

^ipaaitablc,  the  former  by  an  American  Naval  Commission,  and  the 

^Btter  by  the  English  authorities. 

^K    In  V*  tax  as  the  "  Brenuan  "  is  concerned,  its  mode  of  propulsion 

^^Htdomns  it  as  a  practical  weapon  for  ship  use ;  but  it  woidd  be  feasible, 
though  possibly  difBcultics  in  its  application  would  occur  in  so  doing, 
were  it  not  for  its  want  of  speed,  for  the  "8im5- Edison"  to  be  so 

POBployed. 
I  -  As  a  ship  weapon  the  great  defect  of  this  class  (Locomotive)  of 
Inrpvdo,  when  employed  for  harbour  defence,  viz.,  the  necessity  of 
;-rating  them  from  u  fixed  base,  becomes  obviated,  because  tbi!  ship 
'iv.'lf  would  then  be  the  operating  station;  the  "Btentian"  however 
Kuuld  rnjnire  the  vessel  manipulating  it  to  be  stationary  at  the  time, 
■Iiicb  slune  constitutes  a  fatal  objection  to  its  being  ctmsidered  as  a 
UTal  t<>rpe<lo.  For  the  purposes  of  harbour  defence,  Imth  the  "  Sims- 
EAiaau  "  and  the  "  Brennan  "  are  decidedly  superior  to  the  "  'White, 
heail"  and  its  kindred,  but  both    i-ossess  the   lH*f(-re-mentioned  very 


244 


The  •■aiins-EdiBcm''  oompazed  wifli  the  <«  Bzemum."     [Chap.  Y. 


serious  disadyantage  of  the  deyelopment  of  their  motiye  power  at  a 
station  external  to  the  weapon  itself  (whose  position  wonld  most 
assuredly  be  known  to  the  enemy),  and  therefore  their  sphere  of  attack 
is  circomscribedy  and  limited  to  the  length  of  electric  cable  or  wire 


Sims-Edison  y.  Brennafi. — ^The  comparatiye  merits  of  these  two 
^  Looomotiye  **  torpedoes  will  be  best  understood  by  considering  the 
characteristic  features  of  this  class  as  fulfilled  by  both  of  them,  in  the 
following  manner : — 


Tabu  XYIL 


Ctemcletirtie  F< 


Motive  Power 


Bmge 


Sabmergencc 


Controllability 


(ElectrinL 


MeehaziicaL 


IDereloped  at  the  operating  statkm,  and  practically  un- 
limited as  to  power  and  duration. 

1  to  2  miles;  depoidingon  '  1}  miles:  depending  on  size 

siae  of  torpedo.  of  torpeda 

[Limited  to  the  length  of  cable  or  wire  carried,  and  tbe 

distance  at  which  it  is  feasible  to  keep  the  direction 

marks  of  the  torpedo  in  sight. 

By  means  of  a  float ;  from  '  Whitehead's     principle     of 


4  to  6  feet,  according  to 
size  of  torpedo. 

"Starting  and  stopping  the 
engines.       Abeolate    in 
lateral     direction.      By 
means  of  second  core  in  j 
the  insulated  cable,  the 

•{  explosion  of  the  charge 
can  be  effected  "  at  will " 
as  well  as  by  *' contact:*' 
and  the  guide  rods  or 
direction  marics  raised 
and  lowered. 


Speed .         .         .         .         .  J  10  knots. 


Automatic     Hydro-pneu- 
matic Apparatus,  10  feet 

Starting  and  stopping  the 
engines  at  any  time  not  so 
easily  arranged  for :  while 
on  being  stopped  tliis  tor- 
pedo would  rise  to  the 
surface,  and  would  not  re- 
gain its  proper  deptli  and 
regularity  of  submersion 
for  some  time  after  being: 
re-started.  Limited  in 
lateral  directioa. 

18  knots. 


In  SO  far  as  eontroUabUity  is  concemed,  the  '' Sims-Edison "  is 
very  much  superior  to  the  "  Brennan,"  because  the  latter  can  practi- 
cally ouly  be  given  the  necessary  amount  of  alteration  in  direction  to 
enable  it  to  keep  on  a  straight  course,  and  therefore  is  unable  to  run 
at  right  angles  to  its  set  course,  or  on  an  opposite  course,  or  in  other 
words  is  unable  to  follow  a  ship  who  may  and  probably  would  be  under 
these  circumstances  constantly  altering  her  direction. 

While  the  "  Brennan  "  has  but  one  guide  rod  to  show  its  direction 
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t  any  time  to  the  operator,  the  "  SimB-Edison "  is  provided  with 
Wo  aiich  guide  rods ;  one  rod  is  howorer  doubtless  sufBcient  for  the 
limited  amount  nf  steering;  possible  with  the  former. 

As  to  Bubmergeuce,  the   "  Bremiiin "  is  superior  to  the  "  Sims- 
Edison  "  in  respect  tu  the  actual  amount,  but  is  inferior  to  the  latter 
in  rej^aril  to  regularity  of  Bubmersion,  as  no  automatic  apparatus  for 
^^egulaliug  the  depth  can  be  as  sure  as  a  fixed  float. 
^L     The  eflect  of  the  explosion  of  200  lbs.  of  dynamite  in  actual  contact 
^Brttli  a  vessel  4  feet  below  the  water-line,  though  not  prodacing  so 
^Terioiis  a  result  as  at  10  feet,  would  yet  be  very  severe,  and  possibly 
tnfficiently  bo  in  most  cases. 

The  "  Sims- Edison  "  is  very  much  inferior  to  the  "  Brennan  "  in  the 
matter  of  speed,  but  even  with  this  drawback  it  is  a  question  whether 
the  "  Sims-Edison  "  is  not  a  more  useful  weapon  of  the  two  for  purely 
/i<ii*otir  de/ettce.  especially  the  protection  of  narrow  entrances,  owing 
to  ju  application  being  simpler  and  more  practicable  (no  wires  leading 
from  the  torpedo  above  water  to  the  operating  station),  and  to  its 
f>03aes:9in<;,  as  compared  with  the  "  Brennau,"  unlimited  raugo  of 
lateral  direction. 

^m  E, — AuTo-MoBiLE  Torpedoes. 

^H    Definition. — By  "  Auto-mobile  "  controllable  torpedoes  is  meant  those 
^^k  which  the  motive  power  is  self-contained. 

^H     The  "Lay"  Type. — The  Lay  was  the  first  controllable  torpedo  of 

^^pii  type  brought  into  actual  use,  and  it  has  been  more  universally 

^Hied   than   any   other  torpedo  extent  excepting  the  "  Whitehead " ; 

^^nile  it  has  had  many  imitators,  amongst  which  may  be  mentioned  as 

^Pbe  more   important,   the   "  Ijay-Raight,"   and   the  "Patrick."     The 

onginal  form  of  Lay  was  before  the  world  for  some  eighteen  years, 

during  which  timti  it  was  experimented  upon  by  different  naval  and 

military  oommissions  of  the  United  States,  Holland,  Itusaia,  China, 

And  Turkey,  bat  failed  to  receive  adoption,  except  in  a  partial  sense 

by  Btusia,  who  possesses  ten  of  these  weapons,  and  all  the  necessary 

ntachincry  for  constructing  them,  and   by  the  United   States,  where 

lome  are  used  by  their  Torpedo  school  for  exi>etimental  purposes. 

The  Lay  was  also  U8ed_  by  the  Peruvians  in  the  I'eru-Cbiliun 
itniggle  in  1880,  but,  owing  to  want  of  proper  treatment,  it  was  not 
nwceatfiil. 

I. J 
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The  Lay  in  its  original  form  failed  to  secure  general  adoption, 
principally  by  reason  of  its  lack  of  speed,  which,  in  the  one  used  in  the 
experiments  of  diflferent  countries,  was  only  some  9  miles  per  hour ; 
also  owing  to  its  being  a  surface  torpedo  ;  while  further  objections 
have  been  raised  on  the  score  of  its  motive  power  (carbonic  acid  gas), 
being  liable  to  premature  explosion,  and  being  troublesome  to  develop. 

In  so  far,  however,  as  controllability  was  concerned,  the  Lay  was 
most  favourably  reported  upon,  and  was  entirely  successful. 

The  Lay  in  \\s  original  form  has  been  so  completely  described, 
and  as  it  has  also  been  superseded  by  improved  types,  any  further 
description  of  it  is  unnecessary. 

Improved  "  Lay.*' — The  following  particulars  and  brief  description 
of  the  Improved  Lay  is  taken  from  the  General  Information  Series, 
No.  VI. : — "  The  principal  point  of  diflference  between  this  and  other 
similar  weapons  is  in  having  the  propellers  forward,  in  a  recess  3  feet 
from  the  bow ;  the  object  being  to  render  the  torpedo  more  amenable 
to  control.  The  recess  nearly  divides  the  explosive  chamber  from  the 
rest  of  the  hull,  being  entirely  open  except  at  the  top  ;  the  after  side 
is  bevelled  away  to  give  passage  for  the  wash  of  the  propellers  in  the 
upper  part  of  their  revolution.  The  screws  are  of  peculiar  design  and 
application ;  the  two  are  on  a  common  shaft,  which  runs  through  the 
recess  close  to  the  bottom  ;  the  upper  part  of  the  revolution  is  within 
the  recess,  and  the  lower  part  entirely  in  the  solid  water  underneath. 
In  each  propeller  the  two  blades,  instead  of  being  on  opposite  sides  of 
the  shaft,  are  close  together,  the  leading  edge  of  one  coming  just 
behind  the  following  edge  of  the  other.  One  propeller  is  rigidly 
attached  to  the  shaft,  the  other  is  loose  upon  it,  but  made  to  revolve 
with  the  former  by  an  interlocking  boss.  Normally  the  two  sets  of 
blades  are  folded  together,  covering  a  sector  of  about  70%  and  stand 
upright  within  the  recess,  protected  from  all  injury.  On  starting  the 
engine  the  one  attached  to  the  shaft  begins  to  turn,  and  when  it  has 
made  half  a  revolution  its  boss  engages  that  of  the  other,  after  which 
the  two  revolve  together,  their  blades  being  in  opposite  sectors  of  the 
disk  of  revolution. 

"  The  torpedo  is  cylindrical,  with  a  short,  conical  head  and  vertical 
wedge  stern,  23  feet  long,  18  inches  in  diameter,  and  said  to  weigh 
about  H  tons ;  it  moves  at  the  surface  and  carries  200  pounds  of 
explosive  in  the  forward  cone.     A  vertical  rudder  is  hung  aft,  actuated 
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^•n  electriealljr  controlled  gu  engine,  and  a  pipe  prtgecte  astern, 

iDogh  whioli  tlie  engines  exhaust  and  the  cable  is  paid  out.    There 

B  urnmgements  by  which  it  can  be  submerged  by  admitting  water, 

Vbich  con  afterwards  be  expelled  by  the  gas  preseare.     The  power  is 

applied  through  a  spherical  engine,  and  a  speed  of  It!  knots  is  claimed, 

with  a  range  of  2  miles.     At  a  public  trial  at  Brightlingaea,  England, 

,  in  March,  1887,  it  heeled  over  so  as  to  throw  the  propellers  partly  out 

■pf  water,  which  prevented  a  successful  performance ;  the  causes  of  this 

Hirare  apparently  temporary  and  may  probably  be  remedied." 

The  lia>j'Haigkt  and  Patrick  Types, — The^e  two  torpedoes  are  so  very 
similar  tbat  a  deacripfion  of  one  of  them  will  suffice;  both  are  sub- 
merged by  means  of  a  long  narrow  float  extending  some  distance  abaft 
the  stem,  and  both  hnvt>  as  their  motive  power  carbonic  acid  gas 
drawn  off  in  a  liquid  state  from  the  reservoir.* 

Deaeription   of  tlie   Patrick. — The    following    description   of    the 

"riei  i»  taken  from  Lteneral  Information  Series,  No.  YI. 

*  The  float  is  fusiform,  41  feet  long,  with  a  maximum  diameter  of 

'  12  inches ;  it  is  made  of  sheet  copper  J  inch  thick,  filled  with  lamp 

blapk.  and  carries  two  gnide  rods  with  flags ;  this  float  is  practically 

indMinictible  by  mechanical  gun  lire. 

^^     **  The  torpedo,  made  of  the  same  metal  as  the  float,  and  rigidly  con- 

^Bteted  with  it,  is  also  fusiform,  SO  feet  long,  and  22  inches  In  diameter. 

^HhkB  nose  projects,  a  short  distttuce  forward  of  tho   flout,  the  latter 

^Mttending  well  astern  to  correct  the  tendency  to  bur)-  aft.     The  pro- 

Blfdler  is  two-bladed,  on  a  hollow  shaft,  through  which  the  cable  ie  paid 

oBt.     The  acid,  drawn  in  liquid  form  from  the  bottom  of  the  flask,  ts 

Uken  through  copper  piping  in  the  bottoms  of  tho  heaters.     These 

h(!atei9  are  copper  cylinders  containing  dilute  sulphuric  acid,  each 

liartng  a  cylindrical  trough  in  the  top  holding  the  lime ;  the  latter  is 

divided  longitudinally  into  two  parts,  kept  dosed  by  a  series  of  hooks 

_  n  «  i-uminun  rod ;  which  rod  is  connected  with  a  piston  in  a  cylinder 

^■Mtaide  tho  heater.     A  pipe  leads  from  the  steering-engine  to  this 

B|MfaK)or,  and  by  putting  the  helm  to  port  (before  starting  the  main 

engines),  gas  is  admitted  to  it,  drawing  back  the  rod,  freeing  ths 

t<ro  parts  of  the  trough,  which  are  then  forced  afiart  by  springs,  and 

dumping  th<^  lime  into  the  sulphuric  acid. 

"The  propelling  engines  ore  of  the  'diamond'  typ«,  sis  dotible* 
n  of  llio  Lay  ut  Wood-JlMgbt  (oipeilo  u  KiTsa  iu  Uio  AptetuUx,  at  (lagt!  325. 
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acting  cylinders  being  grouped  longitudinally  about  a  central  shaft, 
friction  rollers  attached  to  their  cross-heads  working  in  a  zigzag  cam 
groove  on  the  surface  of  a  drum  attached  rigidly  to  the  shaft.  They 
exhaust  through  the  hollow  shaft,  and  have  made  as  high  as  1100 
revolutions.  The  rudder  is  balanced  and  placed  forward  of  the  pro- 
peller, on  top  of  the  shell.  With  the  helm  at  *  steady,'  the  rudder  is 
slightly  to  starboard,  to  counteract  the  throw  of  the  propeller.  'A 
charge  of  200  pounds  of  dynamite  is  carried,  which  is  fired  electrically 
at  will  or  by  contact.  To  perform  the  functions  of  start,  stop,  star- 
board, port,  and  fire,  a  two-wire  cable  is  used  in  connection  with 
eighty  Bunsen's  cells  arranged  in  series.  The  cable  is  about  7000  feet 
long,  with  a  diameter  of  nine  sixty-fourths  of  an  inch.  The  whole 
outfit  weighs  4700  pounds ;  the  torpedo  proper  weighing  3800  on  a 
displacement  of  3400  pounds.  During  various  tritJs  in  America  in  the 
summer  of  1886,  the  speed  was  found  to  be  16j^  to  17  knots  for  a  mile 
per  hour;  on  one  occasion  the  first  half  mile  was  made  at  the  rate 
of  19J^  knots.  It  also  obeyed  the  helm  promptly,  and  was  easily 
guided." 

The  ^^  Norden/elt "  type, — The  Nordenfelt  torpedo  possesses  a  peculiar 
interest  by  reason  of  its  being  propelled  by  electrical  power  developed 
within  the  torpedo  itself,  and  by  this  alone  an  important  difference 
is  constituted  between  it  and  all  other  torpedoes  heretofore  described. 

This  weapon  is  the  outcome  of  the  development  of  the  use  of  elec- 
trical accumulators,  or  secondary  batteries  for  the  propulsion  of  boats ; 
but  by  reason  of  the  great  diflFerence  which  exists  between  the  con- 
ditions under  which  this  motive  power  is  required  to  act  for  the  pro- 
pulsion of  a  boat,  and  of  a  torpedo  in  the  matter  of  duration  of  time, 
in  the  former  case  counted  by  hours,  in  the  latter  by  minutes,  a  far 
more  rapid  advance  has  been  possible  in  the  improvement  of  the 
accumulator,  and  of  the  electro-motor,  both  electrically  and  mechani- 
cally, for  the  latter  than  for  the  former  purpose. 

For  instance,  the  electro-motor  has  been  reduced  43  per  cent,  in 
weight,  for  the  same  power  or  output,  and  the  accumulator  42  per 
cent,  for  the  same  output,  as  compared  with  the  best  motor  and  accu- 
mulator obtainable  in  1884,  and  it  is  in  this  matter  of  weight  that  this 
mode  of  propulsion  has  been  hitherto  considered  impracticable  in  con- 
nection with  torpedoes  where  high  speed  is  a  desirable  and  necessary 
feature. 
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An  Electrio  Aoto-Mobile  Torpedo. 


The  foUoving  is  a  brief  description  of  the  newly  designed  "  Nor- 
denfelt " : — 


» 


Length 

Diameter 

Weight 

Charge 

Bange  or  Length  of  Cable 


35  feet. 
29  inches. 
2i  tons. 
30O  lbs.  dynamite. 
2  milea. 
1(!  knots. 
4  feet. 


Sabmorgence 

Details  of  the  mode  of  propulsion  an<l  manipulation  of  this  torpedo 
have  not  yet  been  made  public. 

The  submergence  of  this  weapon  is  also  a  distinct  feature  of  its 
nwti,  and  is  obtuined  by  means  of  a  small  bow  and  stom  fin,  auppoiied 
'/y,  not  supjtortiiig  the  torpedo,  the  latter  having  by  itself,  i.e.  without 
Ibe  fins,  a  power  of  flotation,  so  that  it  requires  the  weight  of  the  fins 
Ui  sink  it  to  the  proper  depth,  and  thus  should  any  portion  of  the  fins 
be  knocked  away  by  gnn  fire,  this  would  only  cause  the  torpedo  to 
Icsspn  itn  submergence,  but  not  to  risk  its  sinking. 

The  fin  plates  which  carry  the  fins  form  part  of  the  hull,  and  are  of 
gicst  structural  strength,  and  with  the  fins,  of  special  form  to  allow 
tlie  tor|>edo  to  charge  without  harm  booms  and  such  like  obstructtona. 

A  general  view  of  the  "  Nordenfelt "  is  shown  at  PI.  LXXII,,  Fig.  3, 
"here  it  may  he  compared  with  the  "  Sims  Edison,"  Fig.  1,  and  "  Lay- 
liaight "  or  *'  Patrick  "  Fig.  2,  in  so  fat  as  external  appearance  is 
coaeemed,  and  at  PI.  LXXIla.  a  vertical  section,  plan,  and  various 
croat  sections  of  this  electrical  torpedo  is  given.  A  is  the  charge 
dtamber:  C,  C,  C,  C,  the  motive  jwwer  (accumulators)  chambers: 
D  the  cable  chamber :  E  the  motor  chamber :  F  the  controlling 
iaslramcQts  chamber :  (r  the  steering  power  chaml>er:  T,  Tthe  fins: 
t,  I  the  fin  plates:  N,  N  the  directing  points,  containing  an  electric 
hght  for  night  runs. 

JTie  "  Auto-Mobile  "  v.  the  "  Locomotive  "  type. — To  institute  n  com- 

pariaon  between  the  "  Auto-mobile  "  and  "  Locomotive  "  typo  of  eon- 

tnHlaUe  torpedo  is  a  somewhat  difficult  matter,  due  to  the  fact  that  at 

preient  no  pattern  of  the  former  type  has  been  adopted,  and  ther»- 

-n>  the  r^uestion  of  the  comparative  merits  and  demerits  of  these  two 

■atatt  can  only  be  discussed  by  supposing  there  to  be  an  "  Aato> 
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mobile"  torpedo  in  existence  capable  of   fairly  fulfilling  all  the 
requirements  of  such  a  weapon  intended  for  harbour  defence. 

BequiremerUs  of  an  effective  AiUo-^nobile  Torpedo. — These  requirements 
may  be  stated  as  follows : — The  motive  power  being  contained  within 
the  torpedo,  and  therefore  access  to  it  for  any  purpose  being  impossible 
when  closed  up,  i.e.  when  ready  for  use,  and,  during  a  run,  it  should  be 
of  such  a  nature  that  but  little  deterioration  of  its  power  should  occur 
after  being  closed  up  for  a  considerable  time ;  it  should  be  perfectly  safe 
U)  handle ;  it  should  be  capable  of  being  readily  restored  to  its  normal 
];>ower  at  any  time ;  further,  it  should  be  capable  of  maintaining  the 
full  power  during  the  whole  of  the  run,  i.e.  the  speed  should  be  as 
great  at  the  end  as  at  the  commencement.  The  speed  should  be  at 
least  16  knots  per  hour.  The  range  should  be  at  least  4000  yards, 
that  is  to  say,  a  run  out  and  home  of  2000  yards,  with  the  capability 
of  a  full  length  run  over  the  longer  distance.  A  submergence  of  hull, 
such  that  the  centre  of  the  charge  shall  be  3  feet  or  more  below  the 
surface  of  the  water,  effected  by  automatic  means,  such  as  is  adopted 
in  the  "  Whitehead,"  or  if  by  a  float,  or  fins,  such  that  their  being 
damaged  by  gun  fire,  or  in  charging  a  floating  boom,  &c.,  should  not 
render  the  torpedo  likely  to  sink. 

Comparative  Merits  determined  by  the  Extent  of  their  respective 
Hplieres  of  Action. — With,  then,  a  "  Locomotive,"  and  an  "  Auto- 
mobile "  controllable  torpedo,  possessing  in  an  equal  measure  the  afore- 
said requirements  as  to  speed,  range,  and  submergence,  and  the  latter 
that  of  motive  power,  the  question  as  to  which  is  the  most  suitable  type 
depends  entirely  on  the  matter,  not  of  the  comparative  range,  but  of 
the  comparative  sphere  of  action  of  these  two  weapons,  a  matter  which 
may  be  summed  up  in  two  words,  viz.,  Limited  for  the  "  Locomotive," 
and  Unlimited  for  the  "Auto-mobile." 

The  sphere  of  action  of  the  "  Locomotive  "  type,  such  as  the 
**  Sims-Edison  "  and  the  "  Brennan,"  is  limited,  as  it  must  be  worked 
from  a  fixed  point,  by  its  range,  Le,  by  the  length  of  cable,  or  wire 
carried ;  while,  though  as  is  claimed  for  these  weapons,  their  motive 
l)owor  is  practically  unlimited  as  to  time,  yet  their  actual  range  of 
action  depends  on  the  distance  at  which  they  can  be  seen  by  the 
operator  for  enabling  him  to  control  them :  in  day-time  this  would  not 
bo  further  than  some  3000  yards,  while  at  night-time,  though  lights 
may  bo  used  on  the  torpedo,  yet  the  distance  at  which  the  attacked 
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ibtp  uiiligbted.  as  she  would  be  in  war  time,  could  be  seen,  vould  not 
ho  more  tbati  some  lOOU  yards. 

The  sphere  of  actiou  of  tbe  "Auto-mobile "  type,  sucb  as  the 
Patrick,"  or  "  NordBufelt,"  is,  on  the  other  hand,  to  all  intents  «n- 
'ed,  aa  they  can  be  worked  from  any  point  on  shore,  or  afloat, 
therefore  the  direction  of  their  attack  would  be  unknown  to  the 
enemy,  for  they  could  be  Inuuched  from  any  point  along  the  coast, 
being  brongbt  there  overland,  or  by  water ;  while  they  could  also  be 
tonred  oat  to  sea  under  cover  of  the  darkness,  and  attack  a  blockading 
fleet  or  ship  from  seaward ;  further,  in  combination  with  a  submarine 
boat,  their  effectiveness  would  be  infinitely  increased,  and  this  com- 
bination would  unquestionably  form  a  most  deadly  and  sure  mode 
of  attack. 

An  advantage  claimed  for  the  liocomolive  type. —  One  advantage  the 

IxMWmotive"  has  over  the  "  Auto-mobile"  is  that  its  motive  power  is 

'[  d*«troyed  on   the  torpedo   being  blown  up,  or  lost,  but  this  is 

ntindv  a  financial  question,  and  the  slight  extra  cost  of  au  exploded 

■  Auto-mobilft"  ought  not  to  be  seriously  treated  as  detrimental  in 

»iD!uderiDg  its  adoption,  in  view  of  its  immense  superiority  over  tbe 

"  l>»romotivf  "  in  the  matter  of  applicability  and  sphere  of  action. 

An  tffeftive  Auto-mobih  torpedo  superior  to  the  Bretntan. — A  torpedo 

i'  lh«  ".Auto-mobile"  type,  fulfilling  the  before-mentioned  rcquire- 

iiii'nls,  will  assuredly  prove  in  competitive  trials. and  on  octual  service, 

iiiuii.  ;t»iiriibly  sujjerior  to  the  "Brennan,"  lacking  as  the  latter  does 

Ih'-  ticr.-iomry  freedom  of  action,  a  sufficient  amount  of  directive  move- 

mtat  and  suitability,  owing  to  its  mode  of  operation. 

Diffatnt  methods  of  tuhmergence  eonaiihred. — The  best  method  of 
prtniding  a  "controllable"  torpedo  with  the  power  of  running  at  a 
fad  depth  below  tbo  surface  is  an  important  consideration,  and 
■lovbtlesa  each  of  the  three  systems,  the  "  Sims-Edison  "  (the  torpedo 
mried  by  its  float),  the  ■•  Nordenfelt  "  {the  torpedo  carrying  its  fins), 
ud  the  "  Whitehead "  (automatic),  will  have  its  adherents.  The 
"Whitehead  "  system,  which  has  been  adopted  io  a  modifiod  form  in 
tli^  "Brannan,"  bas  tbe  advantages,  supposing  that  uniformity  of  sub- 
ffierfCBDoe  be  obtained,  of  enabling  tbo  torifodo  to  be  run  at  a  depth 
'Wh  brings  the  explosive  charge,  when  in  contact,  well  below  the 
"moored  belt  of  a  battleiihip  of  the  first  nlass,  and  therefore  renders 
jDogt  deadly,  and  this  with  the  least  low  of  speed ;  ia  the 
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^  Brennaii "  the  steel  mast  by  which  its  direction  is  controlled  takes 
two  knots  off  its  speed;  bat  if  the  ^Brennan"  had  the  degree  of 
directire  control  common  to  the  "Sims-Edison,"  ''Patrick,"  and 
^  Nordenfelt,"  two  masts  would  be  imperatiye,  resulting  in  a  loss  of 
speed  of  four  knots. 

The  "  Sims-Edison "  system,  by  which  the  torpedo  is  supported  at 
a  ftxed  depth  from  a  float  extending  the  whole  length  of  the  hull,  or  as 
in  the  '^  Patrick,"  some  feet  longer,  and  prerhanging  abaft,  and  the 
**  Nordenfelt "  system,  by  which  the  torpedo,  in  itself  buoyant,  supports 
two  fins,  enables  these  torpedoes  to  be  submerged  to  any  depth,  but 
at  the  expense  of  their  speed,  owing  to  the  increased  resistance  offered 
by  erery  additional  foot  of  depth  of  the  float  or  fin  supports,  which 
must  be  of  considerable  structural  strength  ;  while,  as  in  both  of  these 
systems,  the  submergence  of  the  torpedo  is  the  same  whether  at  rest 
or  moving  ahead  (which  is  not  the  case  in  the  ^*  Brennan  "),  a  sub- 
mergence of  more  than  three  or  four  feet  would  render  the  torpedo 
difficult  to  handle  in  launching.    Both  the  float  and  fin  system,  how- 
ever, enable  an  absolute  uniformity  of  submergence  during  a  run, 
which   is  not  feasible  with  the  "Whitehead"  system,   and  if  the 
submergence  be  only  three  feet,  this  secures  immunity  to  hull  from 
damage  by  gun  fire,  as  well  as  the  maximum  effect  of  the  explosive 
charge.    As  to  the  actual  result  of  the  explosion  of  200  lbs.  or  400  lbs. 
of  dynamite  in  actual  contact  with  a  ship  three  feet  below  her  water 
line,  this  is  a  question  which  yet  remains  to  be  settled. 

The  difference  between  the  "  Sims-Edison  "  and  the  "  Nordenfelt " 
system  of  submergence  is,  that  in  the  former  case,  the  safety  of  the 
torpedo  under  fire  is  secured  by  providing  the  float  with  a  very  great 
excess  of  buoyancy  over  what  is  actually  necessary  to  support  it,  so 
that  the  float  may  be  struck  repeatedly  by  the  enemy's  fire  without 
rendering  it  incapable  of  supporting  the  torpedo ;  in  the  latter  system, 
as  the  torpedo  carries  the  two  fins,  if  any  portion  or  the  whole  of  them 
be  knocked  away  by  the  enemy's  fire,  the  hull  will  still  float,  but  at  a 
somewhat  less  depth.  In  the  "  Nordenfelt "  system  the  reserrc 
buoyancy  of  the  two  fins  is  necessarily  small  compared  with  the 
**  Sims-Edison "  fioat,  and  together  occasion  less  loss  of  speed,  than 
docs  the  long  heavy  float  of  the  latter,  while  they  also  present  a 
smaller  target. 

Exhaustive  experiments  will  alone  decide  as  to  which  of  these 
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three  metlioda  of  eubtnergence  is  the  most  suitable,  but  it  most  be 
reroemberod  that  Ujg  "  \Vbitehcad  "  system  is  common  property,  whilst 
each  of  the  other  systems  is  the  subject  of  a  patent. 

The  beat  method  of  propulsion  considered. — The  best  method  of  pro- 
pulsion for  the  "  auto-mobile "  controllable  torpedo  is  also  an  im- 
^•ortant  matter  tor  consideration,  iin<l  one  that  calls  for  ezhaUBtive 
experiments,  to  demonstrate  which  of  the  systems  now  before  the 
trorld  is  tbo  must  suitable  for  this  particular  class  of  weapon. 

8t«iUD,  compressed  air,  carbonic  acid  gas  and  electricity  have  all 
liven  nsed  as  the  motive  power  of  these  torpedoes,  and  taking  into 
i-oiuiideratioo  the  circumstances  under  which  it  is  employed,  the  latter 
would  seem  to  offer  many  advantages  over  the  others,  if  only  it  is 
proved  capable  of  enabling  the  torpedo  to  attain  the  requisite  speed, 
and  there  is  no  reason  to  doubt  its  capabilities  in  this  respect  in  view 
of  the  great  improvements  that  have  been  eSected  in  this  form  of 
pTOpalsioD  since  its  adoption  for  this  purpose  by  Mr.  Nordenfelt  who 
hu,  u  it  may  be  said,  forced  its  development. 

AdvatUat/a  ofeketrical  propidsion.~—ln  the  first  instance  a  properly 

riirtructed  electro-motor  is  undoubtedly  the   very  simplest  form  of 

iiL'in",  having  the  minimum  number  of  working  parts,  and  may  be 

■  -!  i-r  ;i  great  number  of  runs  (each  being  only  of  8  to  10  minutes 

iniiiiiii  without   requiring   to   be   even  looked   at.     Secondly,  the 

■.i\.-jM,Her,  electrical  accumulators  or  secondary  batteries,  as  used 

ih'  '•  Nordenfelt"  torpedo,  are  perfectly  acid  tight,  durable,  highly 

irMi'iii  I'lectrically,  and  can  be  used  for  two  full  power  nins  without 

l«-ing  n^^'barged ;  while  thoy  can  be  charged  up  after  a  run  in  one  hour 

nith  tho  torpedo  completely  closed  up. 

ElMlricat  propulsion  will  be  found,  for  the  particular  puri>dae 
i[<<ttt4M]  of,  to  be  the  cheapest,  the  safest,  and  the  easiest  to  manipulate 
'  liay  other  method. 

If  it  be  permitted  to  use  a  motive  power  for  an  auto-mobile  torpedo 
"liich  shall  last  out  three  full  [wwer  runs  only,  then  a  much  greater 
]«iwer  can  lie  developed  in  a  turiiedo  nf  similar  dimensions  by  the 
"inployment  of  electricity,  bei-ause  the  accumulators  can  then  be 
^•-ry  considerably  reduced  in  weight;  and  on  actual  service  it  is 
lAt  such  a  weapon  nill  be  required  to  be  used  more  than 
f  practice  and  experimental  purposes,  the  accumulators  must 
a  the  feature  of  durability  in  a  high  degree,  and  iherufure 
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the  speed  with  such  would  be  less  than  it  is  possible  to  attain  with 
those  kept  in  store  and  intended  to  be  used  on  actual  senrice  only. 

The  accumulators  retain  their  full  charge  for  at  least  a  fortnight 
after  being  fully  charged  up,  and  they  can  be  kept  in  perfect  condi- 
tion for  any  length  of  time,  if  they  are  kept  fully  charged,  or  if  they 
are  stored  in  their  boxes  without  acid  before  being  formed;  in  the 
latter  condition  the  torpedo  could  be  prepared  for  service  in  from  one 
to  two  days. 

Their  comparative  merits  for  Naval  Warfare. — The  "Sims-Edison" 
and  the  "  Lay-Haight "  have  been  condemned  as  ship  torpedoes  by  au 
American  commission,  for  the  following  reasons,  as  set  forth  in  their 
report : — 

American  objections. — 1.  One  operator  at  least  must  be  exposed,  in 
order  to  watch  the  torpedo  (Lay-Haight)  when  dropped  into  the  water 
from  a  vessel  under  way,  nor  can  the  engines  of  the  torpedo  be  safely 
started  until  it  is  clear  of  the  ship.  Even  then  a  mistake  in  steering 
the  torpedo  might  be  fatal  to  the  vessel  herself,  while  a  failure  to  start 
promptly  might  cause  the  torpedo  to  foul  the  ship's  screw  with  disas- 
trous results. 

2.  It  would  be  necessary  to  have  a  reel  of  wire  on  board  when  firing 
from  a  vessel  under  way,  or  the  torpedo  would  be  unmanageable. 

This  would  introduce  a  new  source  of  accidents. 

3.  In  the  TneUe  of  battle  the  cables  would  be  liable  to  displacement 
and  fracture,  and  thus  render  the  torpedo  (Sims-Edison)  uncontrollable, 
and  therefore  useless. 

The  above  extracts  have  been  taken  from  the  Keport  of  this  Naval 
Commission  on  both  the  "Lay-Haight"  and  "Sims-Edison,"  as  to 
their  adaptability  for  naval  warfare,  as  they  apply  specially  to  both 
classes  of  controllable  torpedoes,  the  "locomotive"  and  the  "auto- 
mobile, and  not  to  any  particular  type. 

Validity  of  Objections  with  present  Knowledge, — These  objections 
are  valid  enough  in  the  present  want  of  real  knowledge  as  to  the 
capabilities  of  an  "  auto-mobile  "  controllable  torpedo,  whose  manipula- 
tion from  a  ship  in  motion  has  been  practically  and  carefully 
worked  out. 

Tlieir  use  restricted  to  certain  pliases  of  Naval  Warfare, — It  may  be 
admitted  at  the  outset  that  in  a  general  engagement  between  two 
fleets,  such  a  weapon  would  probably  be  out  of  place,  at  least  at  the 
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itiituJ  Ktage ;  and  for  the  matter  of  that  it  is  extretoely  aniikely  that 
the  "  WliitelieiMl  "  will  be  used  under  these  ciicumstances ;  there  are, 
however,  certain  conditions  of  naval  warfare  when  the  former  class  of 
tiirpedo  would  prove  invaluable,  and  owing  to  its  much  greater  length 
of  range  and  its  rontrollabi  li  ly,  much  superior  to  the  latter  weapon. 

For  instance,  in  an  action  between  two  ships,  or  where  one  ship  is 
dlppoeed  to  two  ships,  or  even  between  four  ships,  in  cither  combina- 
of  one  to  throe,  or  two  to  two;  again  in  the  case  of  a  ship  disabled 
I  fleet  action,  unable  to  move  aheiid,  or  to  steer,  and  therefore 
at  the  mercy  of  any  of  the  enemy's  sound  vessels ;  then,  again,  as  the 
l-iri)edo  armament  of  the  so-called  armed  merchant  steamers,  they 
would  he  most  useful ;  lastly,  in  special  vessels  this  tor])edo  should 
give  a  good  account  of  itself. 

Fini  (^eetion  eoneidered. — Then,  considering  the  afore-mentioned 
fint  objection,  there  is  no  reason  why  the  operator  should  not  work  the 
torpedo  from  a  small  conning  tower,  and  directly  the  torpedo  is  started 
he  would  then  only  have  to  direct  her,  perfectly  oblivious  of  the  course 
vf  the  ship;  be  would  certainly  mn  no  greater  risk  than  the  captain 
of  the  ship,  and  an  accident  to  the  latter  wonld  certainly  in  these  days 
be  most  serious,  far  more  so  than  to  the  torpedo  operator,  whose  place 
iSnld  be  readily  taken  by  any  one  capable  of  steering  a  boat. 
I  As  to  the  latter  part  of  the  first  objection,  there  is  no  absolute 
mcewity  for  carrying  the  torpedo  in  davits  and  so  have  to  lower  her 
into  the  water,  and  start  her  off  with  the  ship  under  way ;  bat 
iuppo«e  this  plan  to  be  adopted,  it  would  be  easy  to  put  the  rudder 
bui]  oTer,  to  whichever  side  she  is  lowered  from,  so  as  to  give  her 
k  good  sheer  off  before  slipping  the  bow  line. 

It  would,  however,  seem  more  reasonable  to  have  the  torpedoes 
(an  artoid  M?rvice)  towing,  one  on  each  quarter,  from  a  short  spar, 
vlueh  coald  be  rigged  in  after  the  torjiedoes  are  slipped. 

The  oth«r  Objectioiu  considered. — The  last  two  objections  deal  with 
-'i''  4Ucstion  of  the  torpedo's  cable,  which  apparently  is  as  great  & 
'"'ifU^r  to  this  class  of  torpedo  for  this  particular  work,  as  th« 
I'l'^Uuii  of  the  supply  of  ammunition  is  to  the  machine-gun  for  field 
-  i<'< ,  iiiit  a  controllable  torpedo  for  naval  warfare  |>os8es6es  so 
:in]>or1anl  advantages  over  any  other  kiud,  that  this  apparent 
icolty  will  vanish  as  soon  as  ever  this  question  is  seriously  cod-,  J 
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It  would  seem  very  feasible,  and  by  no  means  impracticable,  to 
lead  the  torpedo  cable  (which  is  a  very  small  one  and  readily  sinks) 
through  a  small  tube  astern,  so  as  to  prevent  it  from  fouling  the 
ship's  propeller,  and  as  the  reel  of  cable  carried  in  the  ship  could  be 
situated  close  to  this  tube  below  deck,  there  would  be  practically  no 
fear  of  the  cable  on  paying  out  getting  in  the  way  of  the  working 
of  the  ship  or  being  damaged  by  the  enemy's  fire  or  otherwise; 
the  last  paragraph  of  the  second  objection  would  then  become 
altogether  invalid. 

Question  of  Size. — A  further  objection  has  been  raised  on  the  score 
that  the  size  of  this  class  of  torpedo  renders  them  cumbersome  and 
difficult  to  stow  on  board  ship,  but  there  is  no  reason  why  they  should 
not  be  reduced  in  dimensions  and  weight  from  that  adopted  for  those 
intended  for  harbour  defence,  if  only  a  shorter  extreme  range  (1500  to 
2000  yards),  a  smaller  explosive  charge  (100  to  150  lbs.),  and  a  some- 
what less  rate  of  speed  be  admissible. 

An  "  auto-mobile  "  controllable  torpedo,  with  a  16-knot  speed,  a 
charge  of  150  lbs.  of  dynamite,  and  an  effective  range  of  1500  yards, 
would  be  a  most  valuable  ship  torpedo,  and  could  be  constructed 
without  difficulty,  and  cheaply  if  only  it  were  called  for. 

Fault  of  Official  Experiments. — The  official  experiments  that  have 
been  conducted  up  to  the  present  with  this  class  of  torpedo,  to  prove 
their  fitness  for  naval  warfare,  have  seemingly  been  carried  out  with 
weapons  designed  for  harbour  defence,  and  without  any  attempt  being 
made  to  fit  them  or  their  mode  of  manipulation  for  this  special  service, 
and  therefore  they  have  never  yet  been  accorded  a  fair  opportunity  of 
demonstrating  their  effectiveness  as  ship  torpedoes. 

If  any  naval  power  desires  to  possess  an  "  auto-mobile  "  controllable 
torpedo  for  ship  work,  it  is  only  necessary  for  that  power  to  declare, 
within  reasonable  limits,  what  is  required  from  it  in  respect  of  speed, 
size,  range,  &c.,  for  its  closire  to  be  fulfilled. 

Methods  of  Carryiiuj  them. — These  torpedoes,  whether  large  or 
small  ones,  could  be  easily  carried  in  davits  or  placed  amidships; 
the  explosive  charge  need  not  be  put  in  until  just  before  they  are 
lowered  into  the  water.  In  a  time  of  peace  they  could  be  left  in  store, 
or  if  carried  in  a  ship,  and  with  all  their  gear  out,  two  of  them  could 
be  at  need  converted  into  an  effective  life-raft. 

The  Torpulo  of  the  future. — The  "  locomotive  "  and  "  auto-mobile 
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>f  controllable  torpedoes  have  been  considered  at  some  length, 
le  one  of  these  types,  more  probably  the  latter,  promises  to  be 
>rpedo  of  the  future  for  both  harbour  defence  and  naval 
e. 

>  settle  this  question  once  for  all,  it  is  not  enough  to  experiment 
btely  with  any  one  type,  but  to  pit  the  best  of  each  class,  the 
Mobile  Uncontrollable  (Whitehead,  Howell),  the  Locomotive 
^liable  (Sims-Edison,  Brennan),  and  the  Auto-Mobile  Con- 
)le  (Lay,  Patrick,  Nordenfelt),  against  each  other  under  the 
impartial  conditions. 
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CHAPTER   I. 
Surface  Torpedo  Boats. 

1.  Definition— 2.  Claasification— 3. ' The  "Hunter"  Claw— 4.  The  "Diviaion"  CU 
5.  Deaoription  of  a  Yarrow  **Diyimon"  torpedo  boat — 6.  The  ''Harbour"  Clasa — 
7.  Description  of  a  Yarrow  "^  Harbour  "  torpedo  boat— 8.  The  **  Ship  "  cla«— 9.  Descrip- 
tion of  a  Yarrow  **  Ship  *'  torpedo  boat — 10.  The  rapid  doTelopment  of  the  torpedo  boat 
— 11.  Qualifications — 12.  Onsiderations  as  to  (a)  Speed — (h)  Handinessin  manceuTring 
— (c)  Coal  endurance— (d)  Seaworthiness— («)  Size,  including  habitabilitj  and  suit- 
ability—  (/)  Armament  (torpedo  and  gun)  —  (g)  Vulnerability  —  IS.  Perfeetness  of 
torpedo  boat  compared  to  imperfectncss  of  its  present  mode  of  attack — 14.  Suggested 
eiperiment  to  test  degree  of  vulnerability  of  torpedo  boat 

r\EFINITION.— By  a  "surface  torpedo"  boat  is  meant  a  boat 
running  on  the  surface  of  the  water,  and  specially  designed  and 
constructed  that  it  may  have  the  various  properties  essential  to  a  boat 
intended  to  be  used  solely  for  torpedo  warfare. 

The  steam,  or  even  the  rowing  boats  of  a  war  ship  may  of  course  be, 
and  often  are,  utilised  for  this  service,  but  they  can  only  be  considered 
as  extempore,  and  not  as  torpedo  boats  proper. 

CkunfiecUian. — Torpedo  boats  may  be  divided  into  four  classes, 
via.: — 

A.  Hunters. 

B.  Division. 

C.  Harbour. 

D.  Ship. 

"  Hunter  "  (77a«8. — The  "  Hunter  "  is,  as  its  name  implies,  a  special 
form  of  vessel  created  for  the  express  purpose  of  hunting,  and  destroy- 
ing hostile  torpedo  boats,  and  though,  when  its  armament  consists  of 
light  and  machine  guns  only,  it  is  not  n^ally  a  torpedo  boat,  yet  as  it 
is  then  a  function  of  torpedo  boat  warfare,  and  as  it  is  besides  more 
generally  provided  with  a  torpedo,  as  well  as  a  gun  equipment,  it  may 
fairly  be  considered  in  this  chapter. 
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When  ih6  ''Hunter"  is  pioyided  with  a  combined  armament^  it 
beeomeB  Tery  diffloolt  to  draw  the  line  between  it  and  the  ''  Division  " 
torpedo  boat»  as  both  call  for  the  same  qna]iflcations»  thoogh  the 
''Hnnter  "  shonld  of  course  be,  at  leasts  jnst  superior  to  the  latter  in 
erery  way. 

The  qualifications  of  a  ''Hunter"  are:  (1)  Speed;  (2)  Handineas; 
(3)  Seaworthiness;  (4)  Structural  strength;  (5)  Coal  endurance; 
(6)  HabitabiUty;  (7)  Steadiness. 

The  fourth  property  of  structural  strength  is  a  special  feature  of  the 
"  Hunter/'  and  is  intended  to  mean  something  over  and  above  what 
every  sea-going  torpedo  boat  must  perforce  possess  of  this  particular 
quality,  because  a  "  Hunter  **  must  be  capable  of  ramming,  and 
charging  down  the  "Division,"  and  other  dasses  of  torpedo  boats,  and 
of  standing  the  hard  knocks  inseparable  from  an  action,  with,  perhaps, 
more  than  one  of  them. 

It  is  impossible  to  fix  any  siie  of  this  class  of  war  vessel,  as  up  to 
this  time  no  definite  understanding  has  been  arrived  at  as  to  the 
actual  type  of  vessel  best  suited  for  this  particular  work  of  torpedo 
boat  destruction;  in  fAct,  it  would  seem  as  though  any  boat,  or 
even  vessel  capable  of  steaming  from  18  knots  upwards,  provided 
she  possesses  a  sa£Scient  number  of  rapid-firing  and  machine  guns,  has 
now  come  to  be  looked  upon  as  of  the  "  Hunter  "  class. 

The  principal  features  of  the  vessels  and  boats  specially  designed 
for  torpedo  boat  destruction  are  given  in  Table  XVIII. 

The  Eussian  vessel  of  600  tons  has  been  included  in  this  list^ 
because  of  the  exceptional  number  of  the  machine  guns  it  is  equipped 
with,  but  its  work  will  be  more  probably  that  of  a  scout,  or  commerce 
destroyer,  than  as  a  "  hunter.** 

The  "  Division  "  Class, — The  "  division  "  or  "  sea-going  "  class  a 
torpedo  boats  includes  those  which  by  their  size  are  capable  of  actiugj 
independently  in  torpedo  warfare  at  sea,  a  certain  number  of  whic 
would  be  attached  to  each  division  of  a  fleet,  hence  their  name. 

These  boats  should   possess  the  qualities   of    (1)   High    speed;! 
(2)   Handiness ;   (3)  Coal  endurance ;   (4)   Habitableness ;  (5) 
worthiness. 

This  class  may  be  considered  to  range  from  135  feet  in  length,  an< 
100  tons  in  displacement  upwards,  but  naval  opinion  points  to  ev< 
these  large  boats  being  relegated  to  the  work  of  coast  defence. 
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Tablb  XVIII. 

*! 

J  ill 

1 J                   Gum. 

it- 

Bout. 

BourlEt. 

>•         1 

1 

1 

-    a 

^                                                1        In        1       For 

feci,  taom,  knou 

1880 

10635*5    18 

•  {}i:c:^2L    }^«-»  <^-- 

1S85  i  150  22020*8 

4     3  l-inch  N3I.  gUM     En^uid    Knglwid  {^^^*^^ 

TwinwrewB.    Two 

1SS5 

1 

180  321    18 

2     2  KL.B.  3  H^  ^       France      Fnnoe          steel  decks.  Belt 

of  cellulose. 

1885  1 

180  350  22 

»i»Bi^(2Nl-: 

1                   Twin  screws.  CoaL 
Rngland,  Spain       {    and  1-inch  steel 

!|    oTer  nuiohinerj. 

1886 

172    ..      21 

1     9  H.  cannon 

Germany  Austria 

1886  > 

132     74  20 

..  ',  1  H.  C.  14  cm. 

France 

France 

1886  i 

..      600  20 

24  M.  gnnii 

Bnssia 

Bnssia 

Single  screw. 

1887 

200  450   19 

*  :iB-^B{iN.M.T^«>«d 

England 

Twin  screws. 

1887 

1 
1 

182    ..       ? 

M   /6  B.  F.  guns 
4  M 

England 

? 

(Twin  screws,  triple 
\  expansion  engines. 

1887 

172    ..      20 

3  1  6  H.  cannon 

Gtermany 

Deunark 

rSOOO  knots  at  10 
1     knotsspeed. 

1887 

175    ..    22*5 

3,6IL      „ 

Germany 

N 

|6000  knots  at  10 
1     knotsspeed. 

1888 

182    ..       ? 

Vgr-T 

England 

ll  Covered  from  stem 
?         {     ^  a^em  by  steel 

(    saperstmctore. 

1 

N.  Norden/eli 

L          H.  Hoiehkiu,         M 

.  Machine, 

B.F. 

Bapid  firing. 

A  "Division"  torpedo  boat  (No.  80),  built  in  1887  by  Messrs, 
Yarrow  and  Co.  for  the  British  Government,  a  plan,  elevation,  and 
different  sections  of  which  is  shown  in  PI.  LXXIII.,  will  be  here 
described  as  illustrating  a  very  effective  type  of  this  class  of  boat. 

The  dimensions  and  particulars  of  the  No.  80  are  as  follows : — 

ft.    in. 

Length  oreraU 135    0 

Beam  at  water-line 14    0 

Depth 9    2 

Displao'ment  with  fuU  bunkers  and  aU  stores  complete               •  130  tons. 

Speed  on  official  trial  with  15  tons  load,  the  average  of  2  hours  .  2:{  knots. 

Cual  endurance  at  10  knots 2700     ^ 

M    Bunker  capacity 25  tons. 

Turning  Circles : 
Going  ahead  to  port      . .    90  yards  in  diamoter  in  60  sees. 

„  »    to  starboard  110        „        „        „         65     „ 

Heel  none. 
Vibration.    Trifling. 
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This  boat  is  provided  with  one  locomotive  boiler,  with  over  2000 
square  feet  of  heating  sarface,  and  capable  of  snpplpng  steam  for 
1600  LH.P. :  triple  expansion  engines  to  indicate  up  to  1600  'ELP., 
with  air,  feed,  and  bilge  pumps,  worked  direct  off  the  crank  shaft 
Copper  surface  condenser,  with  §-inch  brass  tubes ;  centriiiigml  cir- 
culating pump  with  independent  engines ;  one  large  fan  and  engine 
for  force  draught ;  a  double-acting  donkey  pump  to  pump  out  bilge, 
feed  boiler,  or  act  as  a  steam  fire  engine.  The  hull  is  subdivided  by 
bulkheads  into  eleven  watertight  compartments,  each  having  ample  I 
pumping  apparatus  in  the  shape  of  steam  ejectors  and  hand  pumps. 
Double  steam  steering  gear  is  provided,  so  that  either  the  bow  and 
stem  rudder  may  be  worked  independently  of  the  other,  and  hand  gear 
is  also  supplied  in  case  an  accident  happens  to  the  steam  gear.  The 
former  is  worked  from  the  fore  conning  tower,  where  also  is  placed  the 
engine  room  telegraph,  and  the  apparatus  for  directing  and  discharging 
the  Whiteheads;  the  hand  gear  is  worked  in  a  circular  iron  plated 
conning  tower  placed  abaft,  round  which  two  torpedo  tubes  revolve  for 
delivering  a  beam  fire.  There  is  also  a  torpedo  tube  built  into  the 
stem  for  end-on  fire  under  the  turtle  deck  forward.  The  gun  arma- 
ment consists  of  five  quick-firing  3-pounder  guns,  three  mounted  on 
stands  on  the  deck,  and  one  on  each  conning  tower.  The  accommoda- 
tion for  the  officers  and  crew  is  more  than  usually  roomy,  the  officers' 
cabin  being  aft,  and  the  men's  quarters  forward,  under  the  turtle  deck. 
Tanks  are  provided  containing  2  tons  of  drinking  water,  and  also  a 
Normandy  condensing  apparatus.  A  tank  placed  in  the  engine  room, 
holding  1  ton  of  water,  is  supplied,  to  make  up  the  waste  from  the 
boiler. 

The  "  Harbour  ClassJ^ — The  "  harbour  "  class  of  torpedo  boats  are 
intended  to  be  used  for  harbour  defence,,  and  includes  all  those  which 
are  too  large  to  be  carried  in  ships,  and  too  small  for  effectively 
fulfilling  the  duties  of  a  "  division  "  boat. 

The  qualifications  of  this  class  are  (1)  High  speed  ;  (2)  Handiness ; 
(3)  Fair  habitability ;  (4)  Fair  coal  endurance ;  (5)  Seaworthiness. 

These  torpedo  boats  range  from  87  feet  to  125  feet  in  length,  and 
from  33  tons  to  80  tons  in  displacement. 

A  "  Harbour  "  torpedo  boat,  built  also  by  Messrs.  Yarrow  and  Co., 
for  the  Chinese  Government  in  1887,  is  shown  in  plan,  elevation,  and 
numerous  sections,  at  PI.  LXXIV.     This  boat  is  a  sister  vessel  to 
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hree  built  for  the  English  GrOTemment  in  1886- 
Na  79,  one  of  fift>  Messrs.  Yarrow  and  Co.,  twenty-fonr  by  Messrs. 
1887  (twenty-four  ^^^  g^^  y^^  jj^  g  ^]ff^^i^^^  of  Cowes),  and  this 
Thornycpofl  and  C  ogj^ial  trials  to  be  some  two  knots  faster  than 
No.  79  proved  on  ,jju  |,y  ^y^^  ^^^^J  ^^^^  ^yi^  tl^^  Chinese  sister 
•ny  of  these  boats  ^^j^g  jj „  79  ^y  more  than  half  a  knot 
boat  succeeded  in  1  ^^j  j^articulars  of  this  Chinese  boat  are  as 
The    dimension 

follows : — 

I 

Length  over  ]j,jg 

Beam  at  watt 

I>epth  .. 70  tons. 

DUplacementjal  trials  with  10  tons 
Speed  on  08^3  pompi^tg  jj^^  ^^erage 

load  and  St. 22-88  knots. 

of  2  hours  J 2000  knots  at  11  knots 

Coal  enduran  per  ^our, 

I       ty  20  tons. 

Bunker  oapu( 

Turning  Ctrckiy  ^^    _    yy  y^jg  j^  diameter  in  58  sees, 
(ioiug  aljeudt,,  st^rlward  80      „      „         „         „   72     „ 


a 

in. 

128 

0 

13 

3 

8 

3 

ty 


99        yy  >j  9f 


"  to  port  76       „      „         „  „   !»0 

„     aitertt,,  gtarbourd  40      „      „        „         „   70    „ 

"  "   ;ully  none. 

Jleel.     1  -icVifli,,,,. 

Vibratioi?  f  ' 

"  torpedo  boat  has  the  same  kind  of  propelling  and 

This  "  JlarlM  ^  ^^^^  y^^  yy  ..  Division  ••  i^t  before  doscriWl,  only 
other  machiner3^\lJeJ  scale.    She  is  provided  with  an  Electric  Search 
on  a  somewhat  8n:,„.j,,  jy^^.^  f^j  end-on  fire,  and  a  single  swivel  tube 
light,  two  Ik.w  to_,i  jyuu,i  fi^^  ^mj  ^.^^^^^  f^^^  machine  guns, 
on  de«k  abaft  for  .j^^^  y^^  y^  l^n  described  as  of  the  "  Harbour" 

1  hough  this  <-.,jj^Ij1„  of  being  utilised  for  sea-going  purposes, 
class,  slio  is  <iuito  „«,  _xho  «  Ship  "  cUss  of  torpedo  boats  includes  the 

ine  onip  tyj^j^.j^  ^j^  \^  conveniently  carried  on  shipboard,  and 
larpst-sized  U)at  jjjy  j^^^ered  into  and  hoUted  out  of  the  water  in 
which  may  Ih)  ret 

ordinary  weatker. 
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The  qualifications  of  this  class  are  (1)  Fair  sp^ 
(3)  Strength- 

These  boats  range  from  64  feet  in  length,  and  ] 
3aent  downwards. 

A  "ship"  torpedo  boat,  of  the  most  recent 
(No.  50),  built  in  1887  by  Messrs.  Yarrow  and 
Oovernment,  is  shown  in  plan,  elevation,  and  nil 
PI.  LXXV. 

The  dimensions  and  particulars  of  this  improvej 
predecessors,  are  as  follows : — 

liength  over  all 

Breadth  at  water  Iba 

Depth 

Pleebonrd 


Dlsplacecuent 

Xifting  weight     ........ 

Speed  on   ofBaial   trial,   witb  4   tons   loiul,  uiid   atoreal 
oampleta.         .         .         .         .         .         .         .         ./ 

Coal  endnraiiee  at  10  kuuts , 

Honker  capacitjr I 

Turning  Circles : 

Going  ahead  to  port      ■ .     45  yards  iu  diamei 
„        „      to  starboard    55       „      „         „         \ 

This  No.  50  is  armed  with  one  revolving  torped 
jirranged  as  to  bo  fired  over  either  side  and  at  any 
sired  to  train  it  to,  and  also  one  Nordenfelt  2-barriv 
forward ;  tbo  torpedo  tube  may  bo  re[iluci;d  by  a  ( 
lier  armament  may  be  entirely  removed  in  peace  tii 
very  useful  for  ordinary  ship  work,  being  eapabl 
fifty  men.  She  has  very  fair  accommodation,  as 
will  hold  twelve  men  and  the  one  aft  ten  men. 
o  partially  balanced  rudder,  and  hand-steering  g( 
]iandines3  enabling  the  extra  complications  of 
]»  avoided.  The  boiler  and  the  machinery  is  oi 
form. 

Easplanaiion  of  Mode  of  dassif^ation. — The  four 
torpedo  boats  have  here  been  divided  has  been  reso 
of  preventing  confusion  in  considering  the  various 
with  the  application  of  the  "Hunter,"  "Divisic 
"  Ship "  torpedo  boat  in  actual  war,  and  it  must 
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■tbat  each  Karat  Power  possesses  a  certain  Dumber  of  hoats 
r  tliese  claBSM,  or  that  there  is  any  recognised  size  for  oacU 
.  possibly  for  the  latter  one.  At  the  present  time  the 
»t  flotilU  of  every  Power  is  conspicuous  by  the  hett-ro- 
htiatiiTD  of  its  units,  a  fact  tbitt  will  prove  beyond  doubt 
int  under  the  stress  of  a  great  naval  war.  A  glance  at 
L,  page  2titf,  which  shows  the  progressive  tlevelopnient 
ido  boat  proper,  will  siifBoe  to  explain  the  above  fact, 
istrate  the  extreme  difficulty  of  arriving  at  any  rigid 
IT  classification. 

lapid  Developtntnt  of  the  TorjKdo  Boat. — The  rapid  develop 
[l  the  t<^tri»odo  boat,  na  set  forth  in  Table  XIX.,  is  almost 
in  the  case  of  any  particular  industry,  more  esj)eciully 
B  only  been  in  o[ieration  tor  some  fifteen  years, 
rapid  rat«  of  progress  has  been  mainly  due  to  the  skill  an<l 
displayed  by  the  two  well-known  torpedo  boat  builders, 
Barrow  and  Thomycroft,  and  to  the  keen  though  friendly 
hgendered  between  them,  and  which  has  been  all  the  keener 
Uiey  happen  to  be  located  on  the  same  river  (Thames)  within, 
f  bo  said,  a  stone's  throw  of  each  other, 
lat  in  any  way  disparaging  the  excellent  work  in  the  shape  of 
xtts  turned  ont  by  the  many  other  firms  that  may  now  bo 
k  this  industry,  notable  among  which  are  McJisrs.  Nunnund,  of 
Scbicbau,  of  Germany,  and  White,  of  England,  it  must  bo 
i  that  the  high  state  of  perfection  realised  in  the  torpedo  boat 
t  is  greatly  due  to  the  two  tirms  of  Messrs.  Thomycroft  and 
Irbose  earlier  boats  form  the  models  on  which  those  euaoatiug 
hr  firms  have  been  constructed. 

!tli(Me  other  firms  have  proved  very  apt  pupils  will  bo  readily 
l!  &om  a  glance  at  Table  XIX.,  and  the  enlarged  sphvre  of 
1  this  tor]>edo  boat  industry  extending,  as  it  uuw  does,  all 
1^  will  nnquestJonably  advance  its  future  devt-lupmont  at 
1  rale,  more  especially  in  rc«pect  to  the  larger  typo  uf 
"  and  "  Division  "  classes. 

-As  the  qualifications  of  each  class  of  toriiedo  bout 

I  mainly  in  degree,  tho  author  has  considered 

i  aToid  nnueceaaary  ropotitiou,  to  discun 

this  special  braacb  of  naval  waifaro  aa  a 
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whole^  in  preference  to  considering  them  in  relation  to  each  class 
separately. 

These  properties  are  as  follows : — 

a.  Speed,  including  Durability  of  Engines  and  Boilers. 

b.  Handiness  in  manoeuvring. 

c.  Coal  endurance. 

d.  Sea-worthiness. 

e.  Size,  including  Habitability  and  Suitability. 
/.   Armament,  including  Torpedoes  and  Guns. 
g.  Vulnerability. 

a.  Speed. 

The  factor  of  speed  is,  of  course,  one  of  the  most  important  essen- 
tials in  connection  with  every  class  of  torpedo  boat,  whether  engaged 
in  the  attack  of  a  ship,  or  in  hunting  other  torpedo  boats,  or  for  her 
own  preservation. 

The  question  is,  however,  now  being  seriously  debated  in  naval 
circles,  whether  too  much  credit  has  not  been,  and  is  not  now  being, 
attached  to  this  factor,  to  the  possible  detriment  of  some  other  equally 
important  one,  such  as  durability,  for  instance.  Provided  that  all 
the  other  properties  are  satisfactorily  secured,  then  the  higher  the 
speed,  the  more  effective  is  the  torpedo  boat,  but  in  the  keen  and 
extended  competition  that  now  exists  in  the  construction  of  these 
craft,  more  particularly  in  the  matter  of  speed — for  that  is  the  most 
effective  factor  in  securing  their  sale  and  further  orders — may  it  not 
be  possible  that,  the  efforts  to  turn  out  the  fastest  torpedo  boat,  or, 
as  it  is  said,  to  break  the  record,  results  in  the  sacrifice  of  some  other 
element  of  eflSciency,  which,  however,  may  not  be  discovered  until 
after  continued  use. 

A  striking  proof  of  this  is  afforded  by  the  great  English  torpedo 
boat  race  of  May,  1887,  when  twenty-two  of  these  craft  were  set  to 
race  against  one  another  over  a  distance  of  100  miles,  and  that  seven 
of  them  were  placed  hors  de  combat  through  machinery  accidents,  and 
one  through  the  loss  of  a  blade  of  her  propeller ;  the  flotilla  consisted 
of  four  Yarrow,  three  White,  and  fifteen  Thornycroft  boats,  and  the 
eight  disabled  ones  were  all  Thornycrofts ;  a  Yarrow  boat  came  in  first, 
beating  a  White  boat  by  the  small  margin  of  five  seconds,  a  Thorny- 
croft following  some  five  minutes  after.     It  has  been  said  that  these 


¥ 


otuDeroos  accideats  were,  in  some  measure,  caused  hj  the  iaefflcieaey 
of  their  engine-room  stafTs,  but,  patting  on  one  side,  the  curious 
coincidence,  if  such  were  the  case,  of  the  Thomycrofts  being  the  only 
iliicky  boats  in  this  respect,  surely  it  cannot  be  intended  that  torpedo 
boata  should  only  be  manipulated  by  engineer  specialists,  for,  if  so, 
[liheir  utility  lu  a  timt-  of  war  betiomes  utterly  destroyed. 

In  considering  this  question  of  high  speed,  it  must  be  remembered 
that  a  torpedo  boat  in  actual  service  will  not  be  worked  by  the  specially 
trained  engineers  and  stokers  belonging  to  the  tirm  pruduciug  it,  and 
therefore  the  speed  attained  on  her  builder's  official  trial  can  never 
lie  expected  from  her  nnder  ordinary  service  conditions  ;  thus  the  true 
relative  value  of  any  two  torpedo  boats  in  the  matter  of  speed  is  as 
the  respective  speeils  attained  by  them  when  worked  by  their  service 


■  ther 


It  is  quite  possible  that  \  may  build  a  torpedo  boat  faster  by 
2  knots  than  one  turned  out  by  B,  as  demonstrated  at  the  ofBcial  trial, 
causing  the  former  to  bo  awarded  any  amount  of  commendation  at  the 
bands  of  the  press,  and  yet  that  the  B  boat  should  show  as  high,  or 
a  higher,  torn  of  speed  than  that  of  A,  when  run  under  ordinary 
ter^'ice  conditions.  It  iii,  of  course,  only  right  that  A  should  have  all 
the  iudoa  attached  tii  turning  out  the  fastest  boat,  because  the  speed 
obtained  <>u  the  oRicial  (builder's)  trial  is  a  proof  of  what  the  boat  is 
actually  capable  of  in  the  hands  of  specialists,  but  it  would  seem  more 
sensible  and  more  practical  to  judge  as  t<i  the  useful  capability  of 
any  particular  torpedo  boat  from  the  results  of  one  or  more  full-speed 
runs  with  her  ordinary  trained,  but  not  specialist,  stuff  in  the  engine 
txxtm,  and  without  the  aid  of  extra  special  advantages  of  picked  cool, 
and  a  Inirrel  of  )>eer  in  the  stokehold. 

It  ill  extremely  doubtful  if  an  average  speed  of  20  knots  per  hour 
tuv  a  run  of  some  two  or  three  hours'  duration  could  bo  obtained  at  any 
gtmn  time  fnim  all  of  the  larger  type  of  torpedo  bitats  of  recent  con- 
struction, with  their  regular  crews,  and  even  more  so  after  a  spell  at 
Ko  of  a  week  or  so  with  a  proportion  of  l)ad  weather. 

The  "  Hunter  "  class,  when  on  their  special  mission  of  torpedo  boat 
capture  or  do^trnctiou,  of  course  require  to  bo  capable  of  realising 
Budor  similar  conditions  a  higher  rate  of  speed  than  their  rictims, 
bat  if  official  Iriahi  are  to  bo  accepted  as  the  meaiore  of  a  boat's  pro*  | 
6ricocy  in  this  mutter  of  »i>eod,  tlten  the  general  run  of  the  present  i 
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"  Hunters "  certainly  lack  this  requirement ;  however,  as  they  are  of 
greater  tonnage,  and  therefore  have  more  space  for  their  engines  and 
boilers,  and  may,  besides,  have  greater  strength  of  machinery,  the 
"  Hunter "  class  would  probably  prove  able  to  steam  at  a  faster  rate 
than  most  torpedo  boats  under  ordinary  conditions  on  actual  service. 
In  the  "  Division  "  class,  high  speed  is  an  essential  qualification,  firstly, 
because  it  would  enable  the  torpedo  boat  to  be,  as  it  were,  here,  there, 
and  everywhere,  and  the  higher  her  speed,  the  greater  her  power  for 
rapid  and  frequent  changes  of  position  from  place  to  place :  secondly, 
because  it  would  afford  her  the  necessary  means  for  rapidly  over- 
hauling any  hostile  man  of  war  she  might  be  in  chase  of,  possessing 
the  ordinary  rate  of  speed  of  such  vessels,  and  the  higher  the  speed 
possessed  by  the  torpedo  boat,  the  greater  the  chance  of  her  meeting 
with  hostile  ships  of  a  much  less  speed:  thirdly,  this  is  a  most 
necessary  element  of  defensive  or  aggressive  tactics  when  engaged  with 
a  hostile  torpedo  boat,  because  here  again  the  higher  her  speed,  the 
more  likely  she  is  to  meet  with  hostile  ones  inferior  to  her  in  this 
respect,  and  any  advantage  in  speed  means  practically  the  command 
of  the  position,  whether  in  defence  or  attack,  with  other  things  equal : 
fourthly,  because  it  would  permit  of  the  tori)edo  boat  passing  over  in 
the  shortest  time,  and  therefore  with  the  greater  safety,  the  space 
between  the  point  where  she  first  comes  within  effective  range  of  the 
quick-firing  and  machine  guns  of  the  attacked  vessel,  and  the  point 
where  she  can  deliver  her  blow  (the  Whitehead)  with  a  fair  chance  of 
success:  fifthly,  because  she  can  also  retire  beyond  this  dangerous 
space,  after  delivering  her  blow,  in  the  shortest  time. 

In  a  daylight  attack,  looking  to  the  comparatively  large  target 
offered  by  the  boats  of  the  present  "  Division  "  class,  this  danger  space 
would  extend  over  some  900  to  700  yards,  i.e.  from  1200  yards  to 
500  yards,  or  300  yards  fram  the  vessel  against  which  the  attack  is 
being  delivered  when  the  torpedo  boat  is  armed  with  the  "  Whitehead  " 
uiicontrdllahh  torpedo;  this  torpedo  cannot  be  relied  on  beyond  500 
yards'  rauge,  which  should  be  reduced  to  at  least  300  yards  to  insure 
any  great  certainty  of  its  hitting.  While  in  the  case  of  a  night 
attack  in  the  face  of  the  electric  search  light,  the  torpedo  boat 
would  probably  come  within  range  of  the  enemy's  gun-fire  at  some 
800  yards'  distance,  representing  a  danger  space  of  500  yards. 

The  following  Table  shows  the  times  that  would  be  occupied  by  a 
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torpedo  boet  in  passing  over  these  spaces,  900,  700,  and  500  yards,  at 
speeds  varying  between  26  and  20  knots. 


Tarlk  XX. 

Speed  in  Knott. 

26 

25 

24 

23 

22    '    21 

20 

Daxckr  Spaci. 

TiMB  Occupied. 

900jardt. 
700yud«. 
SOOymrdii. 

•  •         ■         • 

•  •         •         • 
«         •         •        • 

• 
• 

• 

•eou 

61-2 
47-5 
340 

ftecK. 
64-2 
49*4 
35-6 

1 

660 
51-6 
37-0 

69-2 
53- 1 
38-4 

■ecs. 
72-3 
5613 
40-2 

tec*. 
75-8 
58-8 
42- 1 

79-5 
61-7 
44-5 

Now,  allowing  a  rate  of  fire  from  the  quick-firing  and  machine  guns 
of  a  first-class  man  of  war  of  1000  shots  per  minute,  then  Table  XXI. 
shows  the  number  of  shots  that  the  torpedo  boat  would  bo  subjected  to 
whilst  passing  over  these  distances  at  these  rates  of  sj)eed. 


Table  XXI. 


Speed  In  Knots. 

26 

1    ^ 

1 

24        23        22    j 

1                       1 

21    ' 

1 

20 

Daxoeb  Space. 

Number  op  Shod*. 

TOOjMdi. 
SOOjtdM. 

1022 
793 
568 

1072 
825 
584 

1102 
862 
618 

1156     1207 
887  1    936 
641  1    671  , 

1266 
982 
703 

1327 

1030 

738 

Then,  carrying  this  consideration  still  further,  and  allowing  8  per 
cent,  of  hits  in  a  daylight  attack,  and  3  per  cent  in  a  night  attack,  the 
results  in  Table  XXII.  are  obtained. 


Table  XXII. 


fl^ecdtnKDoU. 


Dangeb  Space. 


900  yards 
700  yards 
900  yards 


OOOyardi . 
700  yards  . 
500  yards. 


21 


20 


NUMBEB  OP  Hm  AT  8   PER  CEXT.  OP  Suom. 


SI 

85 

88 

63 

66 

68 

44 

46 

48 

92 
70 
51 


96 

100 

74 

78 

53 

56 

105 

82 
61 


Ki'MBEB  OP  Hits  at  3  per  rrsr.  «»p  Siiotji. 


30 

32 

33 

:m 

:u\ 

37 

39 

23 

24 

V5 

2«; 

27 

29 

31 

16 

17 

18 

19 

20 

21 

2:j 

T  2 
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The  relative  chances  of  a  torpedo  boat  receiving  a  vital  shot  while 
passing  over  these  danger  spaces  of  900,  700,  and  500  yards,  at  speeds 
varying  from  26  to  20  knots,  both  in  a  day  and  in  a  night  attack,  will 
be  readily  obtained  from  the  foregoing  Tables,  and  from  which  may  be 
gathered  the  importance,  or  otherwise,  attaching  to  the  power  of  very 
high  speeds  for  a  short  time  under  these  conditions,  and  for  this  special 
service.  For  instance,  in  daylight  for  a  danger  space  of  900  yards,  the 
ratio  between  a  26-knot  and  a  20-knot  torpedo  boat  would  be  as  1  to 
1  *  296,  and  similarly  at  night  time  for  a  danger  space  of  500  yards  it 
would  be  as  1  to  1'437.  It  has,  of  course,  to  be  conceded  that  the 
accuracy  of  the  "  Whitehead  "  is  not  impaired  by  discharging  it  from  a 
torpedo  boat  proceeding  at  the  higher  speeds. 

The  foregoing  considerations  as  to  speed  in  connection  with  the 
'^ Division"  class  applies  also  to  all  classes  of  torpedo  boats  when 
employed  in  making  an  attack  on  an  enemy's  ship,  but  each  class  has 
besidesi  other  special  considerations. 

The  "Division"  torpedo  boat,  for  instance,  being  intended  to 
accompany  a  fleet  at  sea,  must  therefore  be  capable  of  maintaining 
with  comparative  ease  the  highest  rate  of  speed  possible  to  the  fleet,  i.e, 
the  full  speed  of  the  slowest  ship,  which  may  be  set  down  at  from  12 
to  16  knots,  depending  upon  the  type  of  ships  composing  the  fleet. 
Further,  as  the  "  Division "  class  may  be  called  upon  to  act  as 
despatch  boats,  it  must  be  able  to  steam  economically  at  a  high  rate  of 
speed,  say  at  least  18  knots,  for  a  considerable  distance,  depending 
upon  the  amount  of  coal  carried,  and  the  consumption,  without  causing 
undue  wear  and  tear  to  the  machinery,  or  over-taxing  the  energies  of 
the  engine  room  staff  to  keep  steam. 

The  "  Harbour  "  class  should  similarly  possess  this  latter  feature  of 
the  "  Division "  class  when  making  long  passages  from  one  port  to 
another,  with  also  the  power  of  proceeding  at  full  speed  for  compara- 
tively short  runs  when  their  services  are  urgently  needed  at  a  port  near 
to  their  station. 

The  "  Ship  "  class  would  only  need  high  speed  for  the  purposes  of 
making  an  attack. 

In  connection  with  this  question  of  speed,  durability  is  intimately 
interwoven,  that  is  to  say,  the  capabilities  of  the  machinery  of  a  torpedo 
boat  to  withstand  the  wear  and  tear  of  constantly  being  driven  at  high 
pressure  for  periods  extending  over  several  months,  as  would  most 
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amoredtf  oocnr  in  aetusl  war;  in  addition  there  has  to  be  considered 
the  iat&l  conae<iuence8  that  might  ensne  from  the  break  down  of  the 
machinery  of  a  torpedo  boat  forming  one  of  a  division  exoeuting  an 
attack  at  night-time ;  so  that  too  much  importance  cannot  be  placed 
on  the  strength  and  nature  of  the  engines  and  boilers  of  a  torpedo 
boat,  eren  if  this  matter  be  insisted  u|)on  at  the  cost  of  the  loss  of  as 

Eih  as  one  knot  in  speed  (official  trial). 


b.  Hasdisess  is  Manceuvbino. 


II. 


All  the  torpedo  boat  classes  reqnire  to  hare  this  property  of  handi- 
t<i  the  utmost  perfection,  whether  in  attack  or  in  defence,  that  is 
Ut  say,  the  power  of  rapidly  answering  their  helm,  and  of  making  a 
ciu»i>leto  circle  of  the  smallest  diameter  possible  when  running  at  full 
ipced. 

The  "  White  "  system  of  cutting  away  the  dead  wood  aft,  now  gene- 

[y  adopted,  improved  the  turning  powers  of  his  torpedo  boats  to  a 
remarkable  extent,  earning  for  them  the  efifective  title  of  turn-about 
boatji. 

The  "Tarrow"  system  of  bow  and  stem  mdders  has  also  proved  very 
effective  in  reducing  the  turning  diameters  of  those  boats,  and  the  pro- 
vision of  a  bow  rudder  increases  the  manceiivring  powers  when  going 
astern ;  this  bow  rudder  is  a  balanced  one,  and  is  arranged  to  be  lot 
down  under  the  boat,  or  drawn  up  into  a  well,  when  not  required ;  and 
it  can  be  worked  either  separately,  or  in  eumbination  with  the  stem 
rodder. 

At  the  present  time,  torpedo  boats  of  120  feet  and  upwards  may 
l<o  generally  taken  as  capable  of  turning  a  complete  circle  in  from 
fifty-five  to  sixty  seconds,  and  of  a  diameter  somewhat  less  than  twice 
their  lengths. 

The  adoption  of  twin  screws  in  some  of  the  more  recently  con- 
structed "  Division  "  toqwdu  lii>ats,  addn  additional  manoeuvring  powers, 
•s  well  as  halving  the  chances  of  a  total  disabling  of  thif  boat  through 
damage  to  the  tiuichincry,  there  being  two  sots  of  engines  inst*^ 
of  one  in  the  case  of  u  siugic  m.tcw,  and  cither  of  them  is  capable 
of  driving  the  boat  at  a  fair  speed  should  the  other  one  become 
<litabled. 

There  is  one  point  in  connoctiim  with  the  mnnwnvring  i>(  torpedo 
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boats  upon  the  efficiency  of  which  at  all  times  so  much  depends,  and 
that  is  the  protection  of  the  steering  gear,  and  a  ready  method  of 
replacing  steam  by  hand  gear,  in  case  of  the  former  being  disabled. 

Too  much  attention  cannot  be  paid  to  this  matter,  and  it  might 
with  advantage  be  insisted  upon  that  there  should  be  duplication  of 
the  steam  steering  apparatus,  either  of  which  should  be  capable  of  being 
thrown  into  and  out  of  gear  in  the  shortest  possible  time ;  for  an  acci- 
dent rendering  a  torpedo  boat  incapable  of  being  manceuvred  even  for 
a  quarter  of  an  hour,  would,  in  an  attack  on  a  ship,  be  a  very  serious 
matter,  and  in  an  engagement  with  another  similar  boat  would  most 
decidedly  bring  about  her  capture  or  destruction. 

c.  Coal  Endurance. 

This  property  of  coal  endurance,  which  means  the  capability  of 
steaming  long  distances  at  a  fair  rate  of  speed,  and  is  measured  by  the 
capacity  of  the  coal  bunkers,  and  the  economy  of  working  of  the 
engines,  is  an  essential  condition  for  the  "  Hunter  "  and  "  Division " 
classes,  but  is  not  so  necessary  in  the  case  of  the  "  Harbour  "  class, 
while  it  is  only  possible  to  secure  a  small  coal  endurance  for  the 
"  Ship  "  class,  owing  to  the  necessity  of  their  small  dimensions. 

The  "  Harbour  "  torpedo  boat  being,  as  its  name  implies,  intended 
for  harbour  defence,  would  always  be  in  position  to  replenish  her 
coal  bunkers,  while  the  "  Ship "  class  would  be  dependent  for  their 
coal  supply  on  the  vessels  to  which  they  are  attached,  and  would, 
besides,  never  be  called  upon  to  act  at  any  great  distance  from  their 
base. 

Both  the  "Hunter  "  and  the  "Division  "  torpedo  boat  would  usually 
be  attached  to  a  fleet,  accompanying  which  it  is  now  prop<58ed  there 
should  always  be  one  or  more  coal  depot  vessels,  from  which  these 
torpedo  boats,  as  well  as  the  ships,  could  draw  fresh  supplies  of 
coal,  but  a  "Hunter"  or  a  "Division"  boat  might  at  any  time  be 
called  upon  to  act  independently  away  from  the  licet,  on  despatch 
service,  and  such  like,  when  a  great  coal  endurance  would  prove  an 
inestimable  feature. 

The  torpedo  boats  of  these  classes  of  recent  construction  arc  capable 
of  steaming  from  2000  knots  to  4000  knots,  at  the  rate  of  some  10 
to  11  knots  per  hour. 


Tba  QualitT  of  B«aworthiDess. 


d.  Sbawohthinbss. 


So  far  as  the  mere  caimbility  of  keeping  the  sea  in  heavy  weather, 
the  "  Hunter,"  "  DiTiaion,"  and  "  Hftrbour,"  torpedo  boats  have  prored 
the  possession  of  this  quality  of  seaworthiness  in  a  remarkable  degree, 
in  fact,  instances  are  on  record  of  a  torpedo  boat  keeping  the  sea  when 
largo  shij»  have  been  forced  to  seek  shelter. 

But  the  "  Hunter  "  and  "  Division  "  class  require  to  be  somewhat 
more  than  mere  oiisks  in  the  water  tossed  to  and  fro,  they  must  be 
capable  of  affonling  a  certain  amount  of  steadiness  at  sea,  even  in  a 
strong  breeze  of  wind,  especially  when  attacking  to  windward,  so  as  to 
render  it  feasible  to  discharge  their  "Whiteheads,"  and  fire  their 
mAcbino  guns  with  some  degree  of  accuracy. 

In  October,  1S8(I,  in  an  attack  made  on  the  IlicheJieu  by  a 
torpedo  boat  (108  feet  long,  and  45  tons  diKplai-emeiit),  it  was  found 
ifflpoaaible  to  discharge  the  "  Whitehead  "  with  the  lioat  head  to  se*,  the 
bow  tabes  being  constantly  submerged,  and  she  had  finally  to  l>e  given 
an  opportunity  of  firing  her  tori>edo  to  leeward ;  and  though  this  was 
dono  at  a  distance  of  only  200  yards,  at  the  Riehelieu  broadside  on, 
repreflenting  a  target  of  322  feet  in  length,  the  torpedo  missed,  owing 
to  the  Ixmt  surging  at  the  moment  of  firing. 

Fnrther.  this  question  of  seaworthiness  is  intimately  connected 
with  that  iif  the  comfort  of  the  crew,  for  where  it  is  necessary  to  batten 
dtnm  a  torpedo  boat  on  every  occasion  of  a  breeze  of  wind,  the  life  of 
till*  crew  must  become  most  harassing  and  most  harmful,  seriously 
•fllectisg  her  efficiency. 

e.  Size  {iscluding  IlAniTABiLiTV  ASn  Pi'it ability). 

This  property  of  a  torpedo  boat  has  a  different  application  for  each 
chua,  but,  except  in  the  case  of  those  of  the  "  Ship  "  class,  which  most, 
from  tlie  nature  of  their  service,  be  limited,  there  exiata  no  defiuito 
•limeuiiious  for  either  of  the  other  classes. 

Thi>  "  Hunter"  and  the  "  Division  "  torpedo  Itoat  must  of  necessity 
b>*  uf  large  dimensions  to  onablo  them  t<^  fulfil  thi^  requirements  of 
w>««orthine.-is,  cchiI  endurance,  and  habitability  essential  t4>  such  craSt, 
aud  also  Ut  permit  of  their  being  cquipiM-d  with  a  sufficiently 
powerful  torpedo  nncl  light  gnn  armamcut  with  all  the  noncomitauta 
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attendant  thereon,  such  as  men  to  manipulate  them,  spare  torpedoes, 
air-compressing  machinery,  and  ammunition.  The  only  limit  to  their 
largeness  being  the  question  of  expense,  and  of  the  increased  target 
offered  to  the  guns  of  the  defence ;  and  it  is  a  question  whether  in  the 
most  recent  "  Division  "  torpedo  boats  all  the  increased  advantages  of 
better  accommodation  for  the  crew,  a  somewhat  steadier  platform  in  a 
seaway,  slightly  higher  speed,  and  somewhat  more  coal  endurance 
will  not,  in  actual  war,  be  found  to  be  more  than  compensated  for  by 
the  increased  target  they  offer. 

It  would  seem  as  though  the  135-foot,  130-ton  boat,  described  at 
page  263,  is  large  enough  to  fulfil  satisfactorily  dU  the  conditions 
essential  to  an  useful  and  effective  "  Division  "  torpedo  boat. 

Of  course  where  the  "  Hunter "  is  intended  to  be  utilised  solely 
as  a  torpedo  boat  destroyer,  and  therefore  not  equipped  with  any 
torpedo  armament,  this  consideration  as-  to  the  size  of  the  target  she 
offers  does  not  apply  in  the  same  degree ;  but  in  this  case  it  would 
seem  more  practical  and  more  economical  to  combine  in  such  a  craft 
the  capabilities  of  a  commerce  as  well  as  torpedo  boat  destroyer,  and 
to  make  her  very  much  larger,  even  up  to  400  or  500  tons,  instead  of 
restricting  her  to  dimensions  only  somewhat  larger  than  that  of  the 
"  Division  "  class. 

It  must  always  be  remembered  that  the  longer  the  boat  the 
slower  the  manoeuvring  power,  as  this  is  an  important  feature  in  the 
catching  and  destruction  of  torpedo  boats. 

In  dealing  with  this  property  in  connection  with  the  "Harbour" 
class  there  has  to  be  considered  the  depth  of  water  of  the  coast  ports 
or  rivers  they  are  to  defend,  and  the  nature  of  their  service,  i.e, 
whether  they  are  to  be  of  such  a  size  as  to  be  capable  of  being 
conveyed  from  port  to  port  by  rail,  or  whether  they  are  intended  to 
proceed  to  and  from  these  places  by  water. 

In  regard  to  the  question  of  "  Harbour  "  torpedo  boats  capable  of 
being  transported  by  rail,  the  Eussians  in  1877  required  a  hundred 
r»f  such  craft,  and  after  careful  consideration  they  adopted  a  type  of 
boat  of  the  following  dimensions : 

Length  75  ft. ;  beam  10  ft. ;  maximum  draught  5  ft.  4  in. ;  dis- 
placement 18  tons ;  speed  18  knots. 

Such  a  boat  would  be  found  a  suflSciently  good  sea  boat,  and 
possessing  all  that  would  be  necessary  in  the  matter  of  acconmioda- 
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lion,  coal  eadiirsace,  bandiness,  and  speed  for  the  work  of  hatbonr 
defence. 

This  matter  of  transporting  the  "Harbour"  torpedo  lx>ats  by  rail 
is  a  most  important  one,  and  requires  careful  consideration,  as  U  will 
be  impo8siblt>  for  financial  reasons  to  provide  torpedo  boats  for  all  the 
nniniportaut  harboura  and  river  mouths,  but  which  might  be  approached 
by  an  enemy's  ship  for  the  purpose  of  pillage  ;  aud  under  such  circum- 
stanceii  it  would  bo  of  considerable  advantage  to  possess  the  means  of 
being  able  to  bring  by  rail  one  or  more  torpedo  boats  from  other  ports 
the  quickest  tiuie  possible. 

As  to  the  most  suitablo  size  of  the  "  Harbour "  torpedo  boat  in- 

ided  t(i  go  from  port  to  port  by  water,  this  is  a  matter  of  opinion, 
but  looking  to  all  the  reijuirements  of  such  a  craft,  a  llO-foot,  5U-ton 
boat  of  20  knots  spew!  would  appear  to  amply  fulfil  them,  aud  cer- 
tainly the  limit  of  size  would  seem  to  be  reached  in  the  120-foot, 
66-ton  boat  of  (IJ  feet  draught  of  water. 

The  "  Ship"  class  which  have  to  be  carried  in  a  ship,  either  inboard, 
or  hung  at  davits  have  perforce  to  bo  limited  in  size,  and  the  only 
oonttideratiou  in  regard  to  these  craft  is  to  construct  them  of  such  a 
shape  and  dimensiops  as  to  secure  decent  accommodation,  strength  uf 
hnll,  and  fair  speed,  and  these  features  seem  to  have  been  secured  in 
the  rcccut  Yarrow  typo  of  "  Ship "  or  "  Second  Class  "  torpedo  boat 
bpforo  (Icseribeil. 

Habitability,  (he  extent  of  the  accommtxlation  provided  for  the 
>n  and  crew,  more  especially  of  the  engine-room  st^iGT,  is  a  very 
important  essential  in  connection  with  the  sea  going  "  Hunters,"  and 
"Ifiviajon"  torpedo  boats,  as  practical  experience  has  demonstrated 
tlut  the  work  in  an  ordinary  torpedo  Ixwt  constantly  under  way  for 
eren  a  few  days  is  most  harassing  and  fatiguing. 


/  Armament  (Tobpedo  and  Gcn). 

Tbo  armament  of  a  torpedo  boat  may  consist  of  both  torpedoes 

1  quick-firing  or  machine  guns,  but  nil  of  them  are  however  pro- 

1  with  the  former,  and  which  is  of  tho  greater  consequence,  os  tho 

of  tlie  lorpedo  »>  Ihf  actual  mranire  of  ihr  jxncvr  of  th« 

oboal. 
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All  that  money,  skill,  and  the  keenest  competition  can  do  to  secure 
perfection  in  any  material  appertaining  to  the  art  of  naval  warfare  has 
been  expended  in  no  stinted  manner  on  the  torpedo  boat,  and  though 
actual  perfection  may  not  have  been  achieved,  yet  this  type  of  war 
vessel  has  been  unquestionably  brought  to  within  a  measurable  degree 
of  it,  at  any  rate  in  so  far  as  such  is  capable  with  steam  propulsion. 
But  though  both  money  and  skill  have  also  been  lavished  in  an  even 
greater  degree  in  striving  to  perfect  the  torpedo  boat's  weapon  of 
offence,  the  "  Whitehead,"  yet  the  latter  falls  lamentably  short  of  the 
former  in  effectiveness.  In  plain  language,  the  aggressive  power  of 
the  torpedo  boat  is  totally  inadequate  to  its  immense  capabilities, 
which  is  a  matter  that  appears  to  have  been  entirely  overlooked  in 
the  race  for  "  record  breaking  "  with  torpedo  boats. 

The  torpedo  armament  of  all  classes  of  torpedo  boats  consists  of 
one  or  more  "  Whiteheads,"  depending  on  the  size  of  the  boat,  and 
the  form  of  attack  preferred  in  different  navies.  Formerly  the  torpe- 
does were  fired  from  one  or  two  bow  tubes  only,  but  recently  con- 
siderable favour  has  been  accorded  to  the  system  of  broadside  tubes, 
two  sets  of  the  latter  being  usually  provided  with  one  or  two  bow 
tubes,  and  occasionally  with  a  stem  tube  also. 

The  alleged  inaccuracy  of  the  "  Whitehead  "  when  fired  from  a 
bow  tube  at  high  speeds,  and  also  the  difficulty  of  providing  a  suitable 
shape  to  the  bows  where  two  of  these  end-on  tubes  are  placed  abreast 
of  one  another,  has  been  partly  the  reason  for  the  adoption  of  the 
broadside  discharge,  but  this  latter  form  is  also  considered  to  promote 
an  increased  efficiency  in  making  an  attack. 

In  delivering  an  end-on  attack,  the  torpedo  boat  must  either  be 
stopped  and  driven  astern  at  the  moment  of  discharging  its  "  White- 
head," i,e,  when  it  has  reached  to  within  500  yards  distance  from  the 
ship,  or  the  helm  must  be  put  hard  over  if  full  speed  be  maintained, 
at  the  instant  of  firing,  in  which  case  the  boat  would  of  necessity  be 
brought  broadside  on  to  the  ship  at  dangerously  close  quarters.  But 
with  broadside  firing  the  boat  need  never  be  brought  nearer  to  the 
ship  than  the  range  at  which  an  accurate  shot  with  the  "  AVhitehead  " 
is  feasible,  as  she  would  at  the  moment  of  firing  be  on  the  point  of 
turning  away  from  the  ship ;  with  the  Yarrow  system  of  double 
tubes,  they  being  set  at  a  slightly  divergent  angle  and  fired  simul- 
taneously, the  chances  of  a  hit  are  materially  increased. 


>  Uiw,  bnxtdBide,  ailcl  stern  discharge  of  the  "  Whitehead "  is, 
rwer,  entirely  a  tactical  consideration  whieh  can  only  be  settled 
hy  can-ful  imd  8yatenmtic  experiments  based  as  far  a«  is  feasible  ou 
trbat  miiy  be  expected  to  Happen  in  real  warfare;  but  surely  it  might, 
and  ou];ht  to,  be  settled  once  for  all  aa  to  which  of  tliesc  methods  of 
"  Whitehead  "  discharge  from  a  torpedo  boat  when  proceeding  at  a 
high  rate  of  speed  affords  to  that  weapon  its  greatest  accuracy. 

Ttrffcinras  of  Torpedo  Boat  c&mpared  to  Imper/eetn^sa  of  Us  Prexnt 
ilode  o/  AUfick. — ^It  is  now  possible  to  obtain  a  torjjedo  boat  having  a 
speed  of  from  25  to  28  knots  pet  hour,  a  coal  endumnce  represented 
by  a  Toa  of  5000  knots  at  the  rate  of  10  knots  per  hour,  atid  capable 
(if  taming  a  complete  circle  at  full  s]>eed  in  alwiit  a  ininiite,  and  of  a 
diameter  twice  the  boat's  leu^h,  but  her  mode  of  attack  is  of  stich  a 
nature  that  she  must  bo  brought  to  within  500  yards  of  a  hostile  ship 
to  enable  her  to  dcUrer  her  blow  (Whitehead)  with  even  a  hope  of 
success.  Now  in  these  days  of  quick-firing  40-pr..  6-pr.,  and  3-pr.  guns, 
the  Nordenfelt  J-ltarrel  1-in.  machine  gun,  and  fif  electric  search  lights, 
anil  also  because  of  tbo  comparatively  largo  target  offered  by  such  a 
boat,  this  means  that  her  chances  of  coming  out  of  the  action  unhanned 
will  be  very  few,  while  tbo  chances  of  her  being  severely  damaged  will 
be  very  great,  and  even  her  destruction  very  possible,  either  before  or 
«ft«r  she  has  Sred  her  torpedoes. 

Then,  putting  on  one  side  the  proverbial  uncertainty  of  the 
'■  Whitehead"  attack,  there  is  further  the  ap|Kin^ntly  insurmountnblo 
ohntacle  to  the  "Whitehead"  success  ill  the  shape  of  net  <leftiice8, 
ing  from  the  iiS87  Jlenatajice  experiments,  so  that  the  question 
■do  boat  warfare  stands  thus:  ten  to  twenty  t)iou»and  pouncU 
[  out  in  a  vessel  which  is  equipped  with  a  means  of  offrnco 
sitatiog  that  costly  vessel  being  brought  into  dangerous  pros- 
9  the  enemy *a  ship  to  enable  it  to  deliver  it<t  blow  with  a  faint 

0  of  vucccss,  but  which  blow  cannot  penetratt;  a  fonii  of  dcfcnco 
li)  which  every  ship  is  now  provided  with,  and  which  sho  may 

1  DCAily  all  occasions. 
^  would  then  soem  a  matter  for  serious  and  immtnliat^  considcntJoa 

c  for  some  form  of  torpedo  which  shall  pvc  to  the  almost  perfect 

i  boat  of  the  present  day  a  power  of  aggrcssivp  action  mora 

the   present   weapons,   of  bringing   all   the   excellent 

Ijacb  a  vessel  into  play,  and  •(  tbo  aamc  time  vithoDt 


284  A  <<  Controllable"  in  the  place  of  the  "Whitehead"  ITeeded.  [Chap.  I. 

obliging  the  torpedo  boat,  whilst  delivering  its  attack,  to  become 
dangerously  exposed  to  the  enemy's  fire. 

The  Uncontrollable  type  of  torpedo  has  hitherto  been  considered 
as  the  only  kind  available  for  use  in  torpedo  boats,  and  so  long  as 
this  impression  holds  good,  so  long  will  the  "  Whitehead  "  retain  its 
place,  because  it  is  the  best  of  its  class ;  but  is  it  not  possible  to 
utilise  a  Controllable  torpedo  for  this  purpose ;  such  an  one  could  be 
constructed  capable  of  being  carried  in  a  torpedo  boat,  and  which 
would  have  three  to  four  times  the  range,  and  two  to  three  times  the 
destructive  power  of  the  "  Whitehead,"  a  speed  suflScient  for  all 
practical  purposes,  and  as  compared  with  the  latter  absolute  certainty 
of  hitting. 

The  controlling  link  between  the  boat  and  the  torpedo,  an 
electrical  cable  of  very  small  diameter  (0*25  inch),  seems  even  now  to 
be  looked  upon  as  an  insuperable  objection  to  this  class  of  torpedo  for 
boat  equipments,  but  as  yet  no  earnest  effort  has  been  made  to  prove 
whether  this  is  a  real  or  only  an  imaginary  defect 

Considering  how  immensely  a  controllable  torpedo  would  add  to 
the  eflSciency  of  the  torpedo  boat  as  a  means  of  offence,  this  system 
warrants  at  least  a  fair  trial. 

Oun  Armament, — The  gun  armament  of  a  torpedo  boat  is  intended 
solely  for  its  defence,  when  attacked  by  other  similar  craft,  or  by 
guard  boats,  or  the  "Hunter,"  but  even  in  this  matter  considerable 
difference  of  opinion  exists,  as  to  the  nature  of  this  equipment,  whether 
it  should  be  rifle  calibre,  or  1-inch  machine  guns,  or  light  quick-firing 
guns,  or  a  combination  thereof,  and  a  settlement  of  this  question  will 
probably  never  be  arrived  at  until  an  actual  engagement  has  taken 
place  between  the  torpedo  boats  of  two  European  powers. 

g.  Vulnerability. 

The  actual  vulnerability  of  any  torpedo  boat  has  never  yet  been 
determined,  as  this  factor  applies  not  only  to  the  vessel,  that  is  to  say 
to  the  possibility  of  sinking  it,  or  so  damaging  its  propelling  and 
steering  machinery  by  gun  fire  as  to  disable  it,  but  also  to  its  torpedo 
equipment,  and  its  officers  and  crew,  particularly  the  commander  and 
engineer. 

A  torpedo  boat  ( Whitdiead)  attack  may  be  foiled  through  many 
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I,  Among  wliich  the  following  are  the  more  important  ones :  (1)  it 
may  be  sunk  by  the  penetration  of  shot  and  shell  below  the  water ; 
(2)  it  may  be  rendered  practically  tiiimunageable  by  one  or  more  of  its 
end  compartraentB  being  pierced  and  filled  with  wati?r;  (3)  it  may  lie 
drstmyed  by  a  shot  or  Bbell  penetrating  ita  boiler ;  (4)  it  may  bo  placed 
hort  da  combat  by  a  shell  exploding  in  its  engine  room,  or  by  a,  sliot 
striking  an  important  part  of  its  propelling  machinery;  (5)  it  may  be 
rendered  unmanageable  by  its  steering  gear,  or  engine  being  disabled 
by  the  gun  tire ;  ((J)  it  may  be  seriously  damaged  and  very  possibly 
destroyed  by  a  shot  or  shell  penetrating  the  air  (highly  compressed) 
chamber  or  the  charge  chamber  of  one  of  its  torpedoes  ;  (7)  and  the 
attack  would  probably  he  for  the  time  foiled  by  the  wounding  or  killing 
^yof  its  commander,  or  its  engineer,  especially  the  former. 
^B  The  larger  torpedo  bouts  of  more  receut  construction  are  prorided 
V^vith  a  very  effective  means  of  protection  for  their  boilerd  and  mnclii' 
aery  by  the  coal  bunkers  (when  full),  which  are  carried  round  tho 
siiles  and  fore  end  of  these  parts ;  they  are  also  divided  up  into  a 
number  of  water-tight  compartments,  and  are  provided  with  ample 
pumping  ]K>wer8,  and  steam  ejection. 

Kvery  roetms  is  tlius  supplied  to  prevent  such  a  catastrophe  as  the 

actual  sinking  of  A  torpedo  boat  by  the  penetration  of  shot  or  shell ; 

bat  what  Would  be  tbe  result  of  the  explosion,  say  of  a  ^pr.  shell  on 

peootruting  below  the  water  line,  is  so  far  a  mattc-r  of  conjecture.     An 

HJAnporlant  question  in  connection  with  thia  matter  is  the  provision  or 

^Pallienrise  uf  man-holes,  or  doors  iu  the  bulkheads  of  the  various  water- 

tight  compartments  for  the  purpose  of  access  from  one  to  another,  and 

it  would  certainly  seem  advisable  to  prohibit  such,  as  there  is  always  a 

chance  of  one  or  the  other  ln-iug  left  ojien,  or  at  least  u<)t  efliciently 

closed,  while  it  is  easy  in  sucb  compurHlively  small  vessels  lu  go  over 

all  from  one  compartment  to  another  by  means  of  ladder.     Messrs. 

Yarruw  and  Co.  have  now  abandoned  water-tight  doors  in  bulkheads. 

^B      As  to  thu  effect  of   gun  fire   on  the  torpetlo  (Whitehead)  equip- 

Plfaeiit  of  these  craft,  though  this  has  never  yet  been  pn)|M>rIy  experi- 

'    mented  upon,  it  would  very  likely  lie  attended  with  disastrous  results, 

and   by  tbe   recent  adoption  of  the   above-de<rk  tubes  for  broadside 

liring  this  source  of  danger  is  further  iutenstfied. 

^^    Tho  wounding  or  killing  of  the  commander  jnst  provioM  to  tbe 

^B^ceiBC  moment  of  the  attack,  when  the  effective  position  has  been 
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reached  for  the  discharge  of  the  "  Whitehead,"  would  most  assuredly 
bring  about  a  failure,  and  very  possibly  cause  the  destruction  of  the 
torpedo  boat,  as  it  would  be  seriously  exposed  to  the  enemy's  gun  fire 
during  the  interim  between  thi«  catastrophe  and  the  next  in  command 
picking  up  the,  for  the  time,  lost  thread  of  the  operation. 

Conning  towers  capable  of  resisting  the  lighter  guns  are  certainly 
provided  for  the  commander  from  which  place  of  safety  to  direct  the 
attack,  but  the  position  affords  but  a  very  circumscribed  view,  more 
particularly  at  night  time,  and  therefore  it  is  extremely  probable  that 
in  nine  cases  out  of  ten  he  would  prefer,  if  he  be  not  actually  obliged, 
to  take  up  a  position  outside  the  conning  tower,  even  though  he  be 
thereby  exposed  to  the  enemy's  fire. 

Suggeded  Experiment  to  test  Degree  of  Vulnerabilitt/  of  Torpedo 
Boat, — ^This  factor  of  vulnerability  is  so  important  that  it  would  be 
worth  making  a  more  realistic  experiment  to  decide  this  question 
than  has  ever  yet  been  attempted,  somewhat  after  the  following 
plan:* 

"  Let  a  torpedo-boat  be  fitted  with  a  length  of  cable  (say  one  mile) 
reeled  up  in  a  manner  similar  to  that  adopted  in  controllable  torpedoes, 
and  also  provided  with  electric  gear  for  steering  her,  and  starting  and 
stopping  her  engines,  and  then,  having  placed  dummy  figures  repre- 
senting the  officers  and  crew  in  their  proper  places,  and  the  torpedo 
boat  fully  equipped,  let  her  be  run,  as  in  making  an  end-on  attack, 
against  a  ship  provided  with  her  proper  complement  of  guns  of 
all  descriptions,  and  which  vessel  should  open  fire  with  the  boat 
1200  yards  distant,  and  cease  fire  when  she  has  reached  her  firing 
position,  500  yards  distant  from  the  ship. 

"A  second  test  might  similarly  be  made  with  the  torpedo  boat 
with  two  or  four  movable  above-deck  tubes  and  one  or  two  conning 
towers,  the  boat  being  steered  as  would  actually  be  done  in  making  an 
attack  with  a  torpedo  boat  thus  fitted ;  and,  lastly,  a  similar  series  of 
experiments  might  be  made  at  night-time. 

"The  above  is  merely  put  forward  as  a  rough  sketch  of  a  far 
more  realistic  experiment  than  has  yet  been  attempted;  the  details 
would,  of  course,  have  to  be  carefully  worked  out,  but  there  seem  no 
unreasonable  diJBBculties  in  the  way.     As  the  ship's  gimners  would  not 

♦  Extract  from  an  article  on  *  Torpe<lo  Boat  Warfare '  by  the  author,  published  in  The 
Army  and  Navy  Magazine  for  March,  1885. 


Chap.  L]        Data  for  Future  Use  secured  by  the  Experiment.  287 

have  the  actual  fear  of  their  vessel  being  torpedoed  and  sunk,  and  as 
the  attack  would  only  be  made  with  one  instead  of  a  number  of  boats^ 
they  would  possibly  fire  with  greater  coolness  and  accuracy,  and 
therefore  it  might  be  advisable  to  somewhat  reduce  the  number  of 
guns  brought  into  action." 

Though  such  an  experiment  might  turn  out  to  be  a  costly  one, 
by  causing  the  destruction  of  a  torpedo  boat,  yet  it  might  be  most 
efficacious  in  providing  practical  <lata  for  securing  to  the  future 
t<»ri>e<lo  Ixmt  invulnerability  in  a  higher  degree  than  such  craft  now 

JHISHOSS. 
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CHAPTER  IL 
Submarine  Tobpedo  Boats. 

1.  Definition — 2.  Erroneous  view  of  the  fnnction  of  the  Property  of  Submergence — 3. 
RetroBpectlve— 4.  GauseB  of  naval  dislike  to  the  use  of  Suhnmrine  Boats — 5.  Descrip- 
tion of  the  "  Tuck  "—6.  The  •*  Goubet  "—7.  The  «*  Holland  "—8.  The  '« NautUus  "— 
9.  The  **  Xordenfelt  ** — 10.  The  Property  of  Submergence  too  prominently  put  forward 
— 11.  The  question  of  danger  in  a  submerged  run— 12.  The  objection  of  uncanniness— 
13.  The  want  of  a  proper  Torpedo  Armament— 14.  The  want  of  adequate  size  and 
strength— 15.  The  Method  of  Propuluon— 16.  Insufficiency  of  speed— 17.  The  Method 
of  Submeruon. 

T\EFINITION. — Torpedo  boats  which,  by  reason  of  a  special  system 
of  construction,  are  capable  of  being  propelled  at  considerable 
depths  below  the  surface  of  the  water  are  usually  termed  "sub- 
marine "  torpedo  boats ;  as  however  this  is  not  the  normal  state  of 
these  vessels,  they  should  rather  be  designated  as  "submersible" 
torpedo  boats. 

Certain  vessels  of  this  class  are  also  sometimes  termed  "  Diving  " 
boats,  when  their  submersion  is  eflfeeted  by  diving  as  opposed  to  those 
which  achieve  this  result  by  being  either  sunk,  or  drawn  horizontally, 
beneath  the  surface. 

Erroneous  view  of  the  Function  of  the  Property  of  Submergence, — 
It  has  hitherto  been  commonly  8upj)osed  that  this  class  of  torpedo 
vessel  is  always  intended  to  do  its  work  below  the  surface  of  the  water, 
an  erroneous  notion  that  has  done  more  than  anything  else  to  create 
an  adverse  feeling  (even  still  held  by  some)  as  to  the  general  adoption 
of  such  craft,  but  it  cannot  be  too  strongly  pointed  out  that  the  pro- 
perty of  submergence  possessed  by  a  svbmersille  torpedo  boat  only 
requires,  and  is  only  intended,  to  be  exercised  under  exceptional 
circumstances. 

The  latest  type  of  submersible  boat,  the  "Kirlenfelt,"  possesses 


the  option  of  being  rtm  under  either  of  four  different  conditioue,  viz. : 
(1)  ou  the  Kiir&ce ;  (2)  partially  submerged  with  the  turrets  above ; 
(3)  further  submerged  with  only  the  glass  dome  showing ;  (4)  and 
wholly  submorged ;  and  it  wiU  be  found  that  on  actual  service  the 
principal  portiou  of  her  work  will  be  performed  under  the  first  and 
thinl  conditions. 

Rfiroapedive. — The  idea  of  a  submarine  or  submersible  boat  for  war 
purposes  has  been  before  the  world  for  over  200  years,  and  during  this 
long  period  of  time  almost  every  conceivable  method  of  submersion 
and  propulsion  has  been  proposed  or  actually  tried,  but  so  far  inventors 
have  &iiled  to  secure  the  favourable  notice  of  uaval  men ;  in  a  half- 
hutrt«tl  manner,  and  apparently  with  the  sole  purpose  of,  here  and 
there,  satisfying  the  persistency  of  an  inventor  one  or  other  of  the 
luvat  ]towers  has  certainly  carried  out  experiments  with  a  submersible 
bout,  or  rather  has  permitted  its  inventor  to  show  tbo  capabilities  uf 
his  particuhir  vessel,  but  it  is  only  within  the  last  year  or  so  that  the 
Xavnl  Powers  seem  to  have  awakened  to  the  fact  that  a  sttbm^rnbU 
torp^^^lo  bout  is  a  practieal  possibility,  and  worthy  of  some  real  o^n- 
ndvratiou. 

In  the  American  civil  war,  a  quarter  of  a  century  since,  a 
rabmarine  boat  was  certainly  effectual  in  sinking  a  ship,  in 
which  oiM^'ration  she  was  also  tost;  but  this  can  only  be  looked 
upon  as  u  si)e(rics  of  forlorn  hope,  more  espeeinlly  as  three  crews 
lud  prt'vtously  been  lost  in  this  same  boat  during  her  initial 
experimcut« ;  while  Russia  is  known  to  be  in  the  possession  of  a 
nomher  of  "  Goubet "  submarine  boats,  but  these  are  too  small  and 
too  slow  to  come  within  the  category  of  submarine  boats  useful  for 
torpedo  purposes. 

The  third-rate  Naval  Powers  of  Greece  and  Turkey  by  their 
purchase  of  "  Xordenfelts  "  may  thus  fairly  claim  to  be  leadiug  tho 
way  to  tbo  general  adojition  of  submersible  torpedo  boats,  for,  whatever 
may  be  urged  against  the  employment  of  this  class  of  war  Teasel,  they 
will  as  surely  bo  accepted  at  no  distant  time,  as  have  been  machtno 
goos  and  magazine  rifles,  against  the  intnxluction  of  which  woapona 
a  powerful  opposition  luis  evi>r  been  riiised. 

Caata  of  Naval  Ditlike  to  the  Um  of  Submarine  Boatt. — The  reawot 
fur  the  dislike,  or  rather  distrust,  hitherto  displayed  by  naval  men  in 
regard  to  the  cmpluyment  uf  submersible  lorpo^lo  IkmIs  are  not  difficult 
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to  understand  for  any  one  who  has  studied  the  history  of  this  type  of 
vessel,  and  may  be  classed  as  follows  : 

1.  The  fax5t  of  their  being  submarine. 

2.  The  want  of  a  proper  armament. 

3.  The  want  of  adequate  size  and  strength. 

4.  The  method  of  propulsion. 

5.  The  lack  of  speed. 

6.  The  method  of  submersion. 

In  considering  the  foregoing  reasons,  to  which  may  be  attributed 
the  non-adoption  of  submersible  torpedo  boats,  the  qualities  conducive 
to  an  effectiye  vessel  of  this  type  may  at  the  same  time  be  discussed, 
but  before  however  entering  on  this  matter  it  will  be  best  to  briefly 
describe  the  general  features  of  the  more  modem  types  of  this  class  of 
vessel,  among  which  are  included  the  "Tuck,"  the  "Groubet,"  the 
"  Holland,"  the  "  Nautilus,"  and  the  "  Nordenfelt." 

Description  of  the  "  Tuek^^ — This  submarine  boat  is  the  design  of 
Mr.  J.  S.  Tuck,  of  the  United  States. 

The  submarine  monitor  is  an  iron,  cigar-shaped  boat  about  30  ft 
long  and  6  ft.  in  diameter.  At  the  stem,  in  addition  to  an  ordinary 
propeller  and  rudder,  there  is  a  horizontal  rudder.  Beneath  the 
middle  of  the  boat  is  a  second  propeller  which  acts  vertically.  On 
the  top  of  the  boat  is  an  iron  hatch,  two  small  round  holes,  and  a 
hollow  iron  pipe  about  20  ft.  long  which  lies  on  the  deck.  These  and 
one  or  two  small  holes  in  the  bottom  are  all  that  can  be  seen  fix)ni 
the  outside. 

In  the  interior  of  the  boat,  in  the  bow,  are  placed  the  electric 
storage  batteries,  packed  close.  There  is  a  small  force-pump  which 
can  be  worked  either  by  hand  or  by  electricity,  and  which  can  be 
used  either  for  air  or  water.  There  is  an  ordinary  electric  engine 
connected  direct  to  the  propeller  shaft.  Near  it  is  a  small  wheel 
with  simple  accelerating  gear  worked  by  hand.  Still  further  back 
are  the  tillers  of  the  two  rudders  and  the  helmsman's  seat.  Jnst* 
above  the  seat  is  a  glass  V-tube,  one  arm  of  which  is  attached  to  the 
top  of  the  boat.  By  the  aid  of  clutches,  both  propellers  can  be  run 
by  the  same  engine.  There  is  also  suspended  from  the  top  a  water- 
tight box  having  a  door  opening  into  the  interior.  The  displacement 
of  the  boat  is  such  that  in  its  normal  position  only  a  small  portion 
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!  top  appears  ubove  the  surface.  There  is  on  its  deck  an  air 
wid  Kftti'r-tight  entrance  to  the  banging  box  referred  to  above.  Tbo 
IxMit  is  caused  to  descend  in  three  ways.  The  first  is  by  admitting 
wntiT  intfj  compartments  provided  for  the  [mrjKJse;  the  second  ia  to 
connect  the  electric  engine  witli  the  propeller  beneath  the  bottom  of 
the  boat.  wliJch  by  ita  revolutions  in  one  direction  draws  the  l»oat 
bcaetith  (ho  surface;  the  third  method  can  be  employed  only  when 
lliw  bout  is  mo\-inp.  When  forced  ahead  by  the  stern  propeller  the 
hnrizontal  rudder  is  turned  downwards,  and  the  boat  divea  down  head 
first;  by  reverse  pnwesses  the  boat  is  caused  to  rise. 

In  case  of  accident  to  the  electric  engine,  the  propeller  can  be 

worked  efficiently  by  means  of  the  hand-wheel  and  accelerating  gear. 

The  depth  of  the  boat  below  the  surface  is  indicated  by  tbo  V-tnbe, 

mentioned  above,  whicli  is  a  simple  instrument  to  gimge  the  pressure 

.     fli  thft  water. 

^^      Compressed  air  ia  carried,  stored  in  snitable  receptacles,  snfBcient 

^■br  the  mff  "f  the  crew  for  a  long  while;  but  that  supply  is  kept  in 

^BMerve.     A.  supply  of  fresh  air  is  ordinarily  secured  while  the  boat  is 

^ft^w  the  surface  by  meaus  of  the  iron  pipe  which  lies  on  the  deck. 

I     When  the  boat  is  !'»  or  18  ft.  below  the  surface,  the  pipe  is  raised  to  a 

)i<>r|i(>ndioular  position    by  a  simple   gearing,  and  its  bottom  oomes 

into  position  over  a  valved  opening  leading  to  the  interior  of  the  boat. 

As  Ihtt  monitor  is  only  15  to  IS  ft.  below  the  surface  and  the  pipe  is 

■JO  ft.  lonp,  the  end  of  the  latt/r  rises  above  the  surface  of  the  water. 

r.y  ofirning  the  valve  and  attaching  the  double  air-pump,  fresh  air 

i-nn  Iki  drawn  into  the  interior  of  the  bout,  while  the  vitiated  air  can 

be  exjtelled  by  the  same  pump  through  a  valvefl  exit  provided  for 

that  purpose.     The  interior  of  the  boat  is  lightetl  by  an  incandescent 

light.     There  an:  no  windows  in  the  Ixwt,  and  therefore,  in 

r  to  direct  its  course,  the  captain  in  submarine  armour  stands  in 

:  box,  and  thus  obtains  an  unobstructed  oll-rouud  view. 

s  with  the  helmsman  by  means  of  a  telephone,  which 

1  to  the  helmet. 

V  need  not  exceed  three  men,  a  helmsnuui  and  two  othenn, 
t  the  air  and  water  pumps  and  keep  everything  in  order. 

of  th^  "Goabet." — The  "Goubct"  submariuo  torpedo 
I  U  of  iron,  IG  ft.  u  in.  long,  o  It.  ^J  'm,  wide,  uud  S  ft,  10^  in. 
<,  incliuliug  thti  look-out  dome. 

D  2 


t  lunging  1 

keanmunicatea  vi 


292  The  <<aoubet"  Submarine  Boat  described.  [Chap.  IL 

The  weight  of  the  boat,  with  its  water  reservoirs  empty  and 
without  the  crew,  is  3196  lbs.,  and  its  displacement  when  submerged 
is  4050  lbs.  in  sea-water.  Its  buoyancy  is  therefore  860  lbs.,  and  the 
boat  is  submerged  by  the  weight  of  the  crew  and  the  water  admitted 
to  the  reservoirs. 

Each  man  requires  about  14  cubic  ft.  of  air  per  hour.  To  provide 
for  this  a  reservoir  contains  air  at  a  pressure  of  50*  atmospheres,  in 
sufficient  quantity  to  last  the  crew  of  two  men  for  10  hours.  The 
carbonic  acid  and  the  other  acids  are  absorbed  by  chemicals,  and  an 
air-pump  expels  the  foul  air. 

To  drive  the  boat  at  its  maximum  speed  of  5  knots,  a  power  of 
0*553  H.P.  is  required,  and  may  be  furnished  by  a  Siemens  motor, 
working  from  accumulators.  (This  would  necessitate  a  considerable 
weight  for  motive  power.) 

There  is  no  rudder,  but  a  universal  joint  in  the  screw-shaft  permits 
the  screw  to  move  through  an  arc  of  90®  on  each  side. 

In  submarine  boats  it  is  essential  that  the  trim  should  be  very 
exact,  as  otherwise  the  motive  power  might  cause  the  boat  to  jump 
out  of  water  or  dive  to  unsafe  depths.  To  maintain  the  trim  in  the 
"  Goubet "  boat  there  is  a  water  tank  at  each  end  of  the  boat  connected 
with  a  double-acting  pump,  which  draws  and  delivers  in  opposite 
directions,  according  to  the  direction  of  motion  of  its  operating  shaft. 
This  shaft  ends  in  a  crown  wheel,  which  may  gear  with  either  of  two 
wheels  on  a  shaft  at  right  angles  to  the  first,  and  revolving  constantly 
in  the  same  direction.  As  long  as  the  boat  remains  with  its  axis 
horizontal  the  pump  is  motionless,  but  on  any  change  of  the  axis  a 
pendulum  throws  the  pump  into  gear  with  one  of  the  two  wheels  on 
the  second  shaft,  and  water  is  pumped  from  the  lower  to  the  higher 
tank,  bringing  the  boat  to  a  level  axis. 

The  torpedo  is  carried  outside  the  boat  and  is  secured  by  a  bayonet- 
catch  controlled  from  the  inside.  On  arriving  under  the  enemy,  the 
torpedo  is  released  and  rises  by  its  reserve  of  buoyancy  until  it 
catches  on  the  vessers  bottom  by  spikes,  with  which  its  upper  surface 
is  provided.  The  torpedo  boat  then  withdraws,  maintaining  its  con- 
nection with  the  torpedo,  by  unreeling  a  wire.  When  the  boat  is  at  a 
safe  distance  the  torpedo  is  exploded. 

The  boat  is  also  provided  with  a  small  torpedo  which,  when 
released,  rises  to  the  surface  and  explodes,  forming  a  signal  which  by 
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.  its  Qoise  and  the  colour  of  its  flamo  calls  attention  to  the  boat  and 
indicates  the  depth  at  which  it  ia.  The  torpedo  may  also  carry  ap  a 
telepbuoe  wire. 

A  Urge  weight  is  nttached  to  the  bottom  of  the  boat  by  a  screw 
ukI  uut,  and  may  be  released  at  any  time,  thus  permitting  the  boat 
to  rise. 

In  case  the  motor  breaks  down  there  is  an  arrangement  for  working 
two  oars  which  habitually  trail  alongside.  These  oars  fold  longi- 
tudinally. When  in  use  they  open  at  the  stroke  and  close  at  the 
recover. 

To  attack  a  vessel  the  boat  proceeds  along  the  surface  until  it  is 
thought  necessary  to  dive,  when  the  captain  directs  the  boat  at  the 
ly  by  the  sight-vane ;  the  other  man  maintains  the  course  by 
and  the  boat  sinks  by  admitting  water  to  the  tanks. 

It  18  stated  that  three  hundred  of  these  boats  were  ordered  for 
Bnssia  in  1881,  aii<)  that  fifty  were  delivered  in  1883.  The  early  form 
of  the  iKittt  WHS  driven  by  manual  power.  This  submarine  boat  is 
■town  at  PI.  LXXVI. 

Daaription  of  the  "  Sollaitd." — This  submarine  diving  boat  is  the 
invention  of  Mr.  J.  P.  Holknd,  of  the  Unitud  States. 

This  boat,  which  is  shown  at  PI  LXXVII.,  is  31  ft.  long,  6  ft.  in 
duunoter,  circular  iu  cross  section,  and  eomo  IGJ  tons  displacement, 
"fiho  is  providt'd  with  a  2,>H.P.  polroleum  engine,  air-compressing 
mochiniTy,  and  a  0-in.  pneumatic  gun.  She  can  carrj'  fuel  enough 
for  ■  two  days'  i^untiuuous  run.  The  speed  either  on  or  below  the 
snr&ce  is  9  miles  per  hour,  but  only  t>  miles  an  hour  is  permitted 
below  thi>  surface. 

A,  A  arc  air  tanks  of  105  feet  capacity ;  W,  W,  water  tanks ;  P  the 
pneumatic  gun ;  a  air  compressor,  and  G  charge  for  same. 

The  diving  is  effected  by  means  of  two  horizontal  rudders  placed 
one  on  each  side  of  the  stem  :  in  the  original  boat  an  attempt 
was  made  to  siibmergo  it  bodily  by  means  of  bow  and  stern  horizonlal 
mdden,  but  this  was  found  impracticable  iu  the  absence  uf  great  spccil, 
and  lo  the  system  of  diving  was  resorted  to.  The  Inventor  stjttes  that 
ke  liu  neTer  succeeded  iu  making  this  boat  stick  iu  the  mad  ut  the 
bottom  even  when  nui  at  full  speed  at  a  oonsiderablo  angle  of 
inclination. 

A  new  "  Holland  "  is  now  being  construoteil  which  will  be  50  feet 
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long,  and  8  feet  in  diameter.  She  will  be  pforided  with  60-RP. 
engines,  and  with  a  10-inch  submarine  pnenmatie  gon  20  feet  long, 
capable  of  throwing  a  200-lb.  blasting  gelatine  shell  1000  yards  over, 
and  200  yards  under  water. 

Detcrijiicn  of  (he** NautUu^T — ^This  snbmarine  boat  was  designed 
by  Mr.  A.  Campbell,  and  differs  very  materially  from  other  vessels  of 
this  class  in  regard  to  the  manner  in  which  its  submersion  is  effected. 

The  ^  Nantilos  "  is  some  60  feet  long,  with  a  diameter  of  8  feet 
amidships,  and  is  of  circular  section.  It  is  pointed  at  both  ends  like 
a  cigar,  and  has  on  the  top  a  superstructure,  on  the  middle  of  which  is 
a  cTiuning  tower  with  four  lenses  of  glass.  The  hatch  for  access  to  the 
vessel  is  placed  on  the  superstructure.  It  has  a  displacement  of  50 
tons  when  fully  immersed. 

The  submersion  is  effected  by  alteration  of  displacement  in  the 
following  manner;  four  cylinders  are  provided  on  each  side  of  the 
vessel  opposite  to  one  another,  so  that  they  can  be  worked  in  pairs ;  the 
displacement  can  thus  be  varied  by  one  or  more  of  these  pairs  of 
cylinders  being  either  pushed  out  beyond  the  side  to  increase,  or 
drawn  in  flush  to  decrease  the  displacement. 

At  PI.  LXXVIII.  longitudinal  and  cross  sections  and  plan  of  the 
"  Nautilus  "  is  8ho\ni,  where  A,  Ay  A  are  the  aforementioned  cylinders ; 
E,  E,  guards ;  B  a  shaft  turning  in  a  fixed  bearing  C,  having  a  right 
and  loft  handed  thread  on  it ;  D  is  a  spoke  wheel ;  F,  F,  propellers ; 
G,  G,  A  conning  tower  provided  with  bull's  eyes  jff,  H. 

Description  of  the  " Nordenfdt'' — The  " Nordenfelt "  submersible 
torpedo  boats,  four  of  which  have  been  built,  have  created  a  consider- 
ablfi  amount  of  interest  on  account  of  the  novelty  of  the  methods 
adopted  for  their  propulsion  and  submersion,  and  more  particularly 
because  these  vessels  present  a  very  possible  solution  of  the  problem 
of  the  practicability  of  this  class  of  torpedo  boat  for  actual  service ; 
while  another  very  noticeable  feature  in  relation  to  these  "  Norden- 
felts  "  is  the  vast  improvements  in  the  important  features  of  such  a 
vessel  that  have  been  effected  in  each  successive  boat. 

The  first  of  these  boats  was  Iniilt  in  1883.  Her  dimensions  are 
64  feet  in  length,  9  feet  in  diameter  amidships,  with  a  displacement 
of  60  tons. 

The  principal  features'  of  this  vessel  are  (1)  steam  propulsion  ; 
(2)  submersion  by  two  propellers  placed  in  sponsons  amidships^  one  on 


'HOLLAND"    SUB-  MARINE    BOAT. 


_V--»^! 


■«*,"--;--r^"  , 


>.  n.}  The  "TSordmlalt"  Subm&rine  Boat  System.  205 

laacb  side,  and  arranged  to  give  their  effect  in  a  vertical  direction ; 
m^)  anuament  of  miitekead  torpedoes  ;  (4)  a  Bpeed  on  tlie  snrEoce  uf 
1.9  knota ;  and  distance  travelled  on  the  Burtace  without  recoaliug, 
;1S0  miles. 

This  bout  was  purchased  Ity  the  Greek  Government,  aft«r  the 
itisfiu-'tory  result  of  experiments  carried  out  at  Laudskroua,  before 
mvbI  an<i  military  representatives  of  most  of  the  civilised  Powers  of 
the  world. 

Thu  eecond  and  third  boats  were  MUBtructed  for  the  Turkish 
tovenunent. 

Their  dimensions   are  100   feet   in   length,   12  feet  in  diameter 

'vmjdships,  with  a  displacement  of  160  tons ;  speed  on  the  surface  12 

knots  ]KT  hour ;  distance  travelled  without  recoaling  SOO  miles,  with 

coal  in   thy   water  ballast  tanks ;    depth  to   which   they  can   safely 

descend,  50  feet. 

_       In  these  boats  the  two  horizontal  submerging  screws  were  placed 

■tee  at  each  end  in  the  fore  and  aft  line,  on  the  lop  uf  the  hull  instead 

*'  of  on  each  side  amidships,  as  in  the  first  boat ;  by  this  Hrrangement  it 

was  found  in  practice  much  easier  to  maintain  the  boat  in  a  horizontal 

position,  while  being  drawn  below,  and  while  running  under  the  surface. 

In  other  porticulara  these  boats  were  similar  to  the  first  one,  but  with 

the  addition  of  the  improvements  which  e.\j>ericnce  with  the  original 

boat  proved  to  be  uecessarj-. 

The  fourth  boat  is  a  distinct  advance  on  its  forerunners,  more 
rapecially  in  the  matter  of  surface  sj^eed,  as  well  us  in  size  and  in  the 
internal  arrangements. 

This  boat  is  125  feet  long,  12  feet  beam,  and  displaces  when 
entirely  submerge<l  250  tons,  and  when  light  (running  on  the  siuface) 
160  tons. 

Her  propelling  machinery  consists  of  a  pair  of  double-cylinder 
vertical  compound  engines,  working  upon  four  cranks  diametrically 
wt;  the  high  pressure  cylinders  are  15^  in.  diameter,  and  the  low 
proteore  27}  in.,  with  a  stroke  of  16  iuchea.  These  engines  indicate 
1000  ILP.,  and  projici  her  at  15  knots  jier  hour.  Her  speed  under 
water  i»  only  5  knots,  though  of  course  she  can  be  driven  as  fast,  or 
even  fiwter,  when  entirely  submergeil,  than  on  the  surface,  bnt  i>nideiK:e 
dictalx^fl  thu  slower  speed  for  submerged  runs.  The  midship  sectioa 
is  a  circle,  while  a  section  at  any  other  point  will  show  two  area  of  i 
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circle,  the  vertical  centre  line  of  the  section  being  the  chord  of  the 
arcs.  A  deck  is  placed  on  a  spreader  where  the  arcs  become  small 
at  each  end,  to  strengthen  the  hull. 

The  spaces  under  these  decks  are  divided  by  bulkheads  into  tanks, 
which  being  filled  with  water,  or  emptied,  effect  the  balancing  and 
displacement  of  the  vesseL  The  coal  bunkers,  holding  8  tons,  are 
situated  in  the  centre  of  the  boat.  The  centre  of  gravity  in  the  most 
imstable  condition  of  the  boat  is  6  inches  below  the  centre  line,  and 
the  meta-centre  2  inches  below  the  centre  of  the  boat 

The  tanks  carry  35  tons  of  cold  water,  and  the  boilers  27  tons  of 
hot  water. 

This  amount  of  hot  water,  together  with  the  iron,  cinders,  and 
lagging  of  the  boilers,  holds  sufficient  heat  to  drive  the  boat  a  distance 
of  20  knots. 

The  cold  water  tanks  when  empty  give  sufficient  buoyancy  to  the 
boat  to  render  her  entirely  seaworthy  for  surface  runs. 

The  coal  endurance  of  this  boat  represents  a  run  of  800  miles  at 
10  knots,  or  1000  miles  at  8  to  9  knots ;  for  long  voyages  20  tons  of 
coal  in  addition  may  be  carried  in  lieu  of  water  in  the  tanks. 

The  submersion  of  this  boat  is  effected  by  two  horizontal  propellers 
working  in  wells  one  at  each  end,  and  in  this  case  hdow  the  water 
line ;  by  this  arrangement  the  advantages  of  maintenance  of  horizon- 
tality  when  being,  or  running  submerged,  as  practically  demonstrated 
in  the  two  Turkish  boats,  are  retained,  with  the  further  gain  of  not 
creating  any  disturbance  on  the  surface  during  the  process  of  immer- 
sion,  or  when  running  just  below  the  surface. 

These  horizontal  propellers  are  worked  by  separate  engines  entirely 
under  the  control  of  the  captain  in  the  conning  tower,  who  can  thus 
regulate  the  rate  and  depth  of  submersion,  which  depends  on  the 
speed  of  these  propellers,  and  the  time  they  are  kept  in  action,  and 
he  can  also  vary  their  respective  speeds  for  the  purpose  of  keeping  the 
boat  horizontal ;  if  after  being  submerged  it  is  desired  to  ascend  to 
the  surface,  it  is  only  necessary  to  stop  these  propellers,  when  the 
reserve  buoyancy  which  the  power  developed  in  these  propellers  has 
overcome,  will  cause  her  to  rise  at  once  to  the  surface.  An  arrange- 
ment is  provided  by  which  the  two  submerging  propeller  engines  are 
automatically  stopped  when  the  boat  has  reached  a  previously  arranged 
depth. 
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^H  HotiaoDtal  bow  and  Rtem  ruddera  c&n  also  be  proTided  to  assist  in 
^teepinp  the  boat  borizontal,  and  to  bring  her  to  the  Eurface  should  she 
he  caused  to  attempt  to  dive  by  some  unexpected  force.  These  rudders 
are  however  not  absolutely  necessary,  and  the  boat  is  now  l>eing  run 
without  them.  When  used  they  are  set  in  different  directions,  and 
act  automatically,  though  also  under  the  control  of  the  captain. 

The  boat  is  provided  with  two  conning  towers,  2^  feet  diameter,  of 
I-inoh  steel,  standing  about  2  feet  above  the  deck,  and  are  surmounted 
by  glass  capa  or  domes  protected  by  steel  bars  to  supply  a  means  of 
look  out  when  the  boat  is  scaled  up. 

In  the  forward  conning  tower  are  located  all  the  necessary  connec- 
tions for  i^v'mg  the  captjvin  command  of  all  the  machinery  for  driving 
and  steering  (atoam)  the  vessel,  for  sinking  or  rising,  for  controlling 
the  fans,  for  controlling  the  horizontal  propellers,  and  for  discharging 
the  iVkUehead  torpedoes;  in  this  tower  are  also  placed  the  instru- 
ments for  showing  the  depth,  the  level,  and  the  course. 

The  boat  is  lighted  by  candles,  which  show  the  composition  of  the 
air  in  the  interior  when  sealed  up.  The  crew  consists  of  the  captain 
and  eight  men. 

In  aiMition  to  the  ordinary  fittings  of  a  submarine  boat,  this 
■'  Nordcnfelt "  can  carry  mast,  side  lights,  compasses,  anchor,  4c,  as  in 
the  cose  of  an  ordinary  surface  torpedo  boat. 

There  are  two  Whitehead  diechnrging  tubes  placed  in  the  bow, 
and  room  is  provided  for  two  spare  torpedoes,  or  four  in  all ;  it  is  also 
proposed  to  arm  the  boat  with  two  H^ordenfelt  2-pr.  quick-firing  guns. 
The  armament  is  however  a  matter  to  he  settled  by  the  Government 
who  purchases  the  boat. 

When  the  boat  is  in  the  awash,  or  partially  submerged  [losition, 
wbtuh  is  brought  about  by  filling  her  cold  wat«r  t&nks,  she  floats  with 
only  her  two  turrets  showing  alwtve  the  water;  the  funnels  have  ]ir» 
viously  been  unshipped,  and  the  boat  completely  sealed  or  closeil  up; 
•he  may  then  be  drawn  down  by  her  horizontal  propellers  until  only 
the  two  glass  domes  are  in  sight,  or  entirely  submerged  to  any  depth 
np  to  50  feet  (the  boat  is  actually  constmcted  to  withstand  the  pressure 
at  100  feet).  The  reserve  buoyancy  is  never  less  than  half  a  ton. 
Pumps  are  provided  capable  of  emptying  the  tanks  at  the  rate  of  a  ton 
and  a  half  a  minute. 

At  Fl.  LXXIX.,  Fig.  1,  is  an  elevation,  Fig.  2  a  longitudinal 
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section.  Fig.  3  a  plan,  and  Figs.  4  to  9  cross  sections  of  the  latest  type 
of  "  Nordenfelt "  submarine  boat. 

A  is  the  propelling  engine ;  B  B'  the  boilers ;  h  V  the  coal  bnnkers ; 
a,  a'  the  submerging  or  descending  engines;  C,  C  the  submerging 
propellers ;  D  the  driving  propeller ;  d  the  torpedo  launching  tubes ; 
e  the  shaft  for  opening  the  door  of  launching  tube ;  fyf  the  conning 
towers ;  g  the  tube  enclosing  steering  shaft ;  h  air  compressing  engine ; 
i,  iy  i  bunks ;  m  cooking  range ;  n^n^n  water  ballast  tanks ;  o,  o,  and 
o',  o*  horizontal  rudders ;  p  vertical  rudders. 

All  the  Nordenfelt  boats  have  demonstrated  most  conclusively  in 
official  trials  at  different  times  their  efficiency  and  also  their  safety 
as  submersible  boats,  and  there  only  remains  to  be  proved  their  capa- 
bility and  utility  for  naval  warfare.  For  a  satisfactory  settlement  of 
this  latter  point,  it  will  be  necessary  for  this  class  of  torpedo  boat  to 
be  submitted  to  a  series  of  exhaustive  experiments  under  the  direction 
of  naval  officers,  such  as  for  instance  the  attack  of  a  ship  under  way 
in  the  day  time  and  under  cover  of  darkness,  similarly  of  a  vessel  at 
anchor,  and  further  the  attack  of  the  submersible  boat  by  one  or  more 
surface  torpedo  boats  supposed  to  belong  to  the  defence ;  in  making 
her  attacks,  the  submersible  boat  should  do  so  alone,  and  also  sup- 
ported by  surface  torpedo  boats. 

Messrs.  Nordenfelt,  Goubet,  Tuck,  Holland,  and  Campbell,  have 
shov^-n  that  submarine  and  submersible  boats  are  feasible,  and  it  now 
remains  for  some  one  or  other  of  the  principal  Naval  Powers  to  take 
up  the  question  and  prove  their  fitness  or  otherwise  for  actual  service. 

Some  insight  into  the  present  condition  of  submersible  boats 
having  been  given  by  the  foregoing  descriptions  of  the  more  pro- 
minent ones,  the  consideration  of  the  various  reasons  which  may  be 
alleged  for  their  hitherto  non-adoption  will  now  be  proceeded  with. 

The  Property  of  Submergence  too  prominently  ptU  forward. — The 
property  of  being  propelled  through  the  water  when  wholly  submerged 
at  considerable  depths,  though  a  distinctive  and  important  feature  of 
submersible  torpedo  boats,  has  been  commonly  and  erroneously  treated 
as  being  the  sole  object  of  their  construction,  instead  of  being  looked 
at  as  merely  a  means  to  an  end ;  in  other  words,  this  class  of  vessel 
has  been  usually  spoken  and  thought  of  as  always  doing  its  work  in 
its  submarine  state,  and  has  thus  caused  an  adverse  feeling  to  be 
established  against  their  employment,  because  of  the  danger  heretofore 
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^■Mouidored  inseparable  &om  this  8eivice>  and  also  becauBO  of  tlie 

*  ttncunninPHS  attributed  to  this  mode  of  attack. 

Tftfl  Qtiestion  of  Danger  in  a  Submerged  Run. — The  qtiestioii  of 
danger  in  running  a  boat  beneath  the  surfiwo  of  the  water  is  one 
of  degree,  for  though  doubtless  a  fair  objection  in  connection  with 
mbuiariue  boats  of  the  post,  yet,  nowadays,  with  the  improved 
knowledge  of  such  vessels,  to  judge  from  the  experience  gained  nith 
those  of  more  recent  construetiou,  it  would  apjiear  a  less  hazardous 
undertaking  to  make  a  submerged  run  iu  one  of  them,  thau  a  full 
speed  run  in  a  surface  torpedo  boat;  as  this  is,  however,  a  matter 
intimately  connected  with  the  questions  of  the  system  of  submersion 
employed,  and  of  speed,  its  consideration  must  bo  reserved  nntil  these 
properties  come  to  be  discussed. 

The  Objection  of  Vncanninesa. — The  objection  raised  on  the  score  of 
nncauuiuesa  in  the  manner  in  which  a  submersible  tori>edo  boat  will 
moke  its  attack  cannot  bo  applied  solely  to  this  class  of  vessel,  for  it 
is  applicable  in  any  equal  degree  to  every  branch  of  torpedo  warfar(>; 
what  CAT)  be  more  uucanny,  for  iustauce,  than  the  submarine  mine, 
wcn;te«l  as  it  is  beneath  the  surface  of  the  water,  ready  at  any  moment 
to  d«itl  its  terrible  blow  ?  Again,  a  surface  torpedo  boat,  though  in 
ttflclf  au  object  to  be  seen,  yet,  when  armed  with  the  "Whitehead," 
dvUrers  its  blow  in  what  might  equally  be  said  to  be  an  uucanny 
taabion  ;  while,  what  is  more  uucanny  than  land  mining  ? 

The  feeling  that  an  attack  made  on  a  ship  which  is  wholly  iiiisccn, 
ijB.  when  executed  by  a  totally  Rubmerge<I  bout,  is  not  a  fair,  and 
certainly  not  an  above-hoard  mode  of  warfare,  can  be  well  understood  ; 
hut  this  question  resolves  itself  into  one  of  <i*  quoqae;  what  one  Naval 
Power  does  in  the  way  of  adopting  new  engines  of  destruction  must 
be  followed  by  the  other  Powers,  even  against  their  will,  provided  of 
oonne  that  it  possesses  decided  advantages. 

The  tenu  nncanniness  in  connection  with  a  submarine  boat  would 
appew  more  applicable  to  the  feeling  engendered  in  a  crew  conducting 
a  wholly  submerged  run  for  the  first  time,  bnt  this  is  of  course  simply  a 
qoeation  of  experience,  and  any  feeling  of  unpleosantncHH  and  danger 
mold  soon  pass  off  provided  that  the  system  of  construction  of  the 
boat  bp  known  to  I>o  a  proper  one,  and  aa  soon  as  the  crew  gained 
'vnfidenc^  in  its  safe  working,  aud  in  their  commander,  in  whose 
Wds  lies  tho  whole  responsibility  of  safely  manoiavring  his  charge. 
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No  difficulty  of  any  sort  has  been  experienced  in  obtaining  officers 
and  men  for  any  kind  of  submarine  boat,  and  the  well-known  story  of 
the  Confederate  boat,  in  which  three  crews  were  lost  daring  practice, 
and  for  which  a  fresh  crew  Yolunteered  in  its  fourth  and  final  trip, 
proves  that  any  how,  in  a  time  of  war,  there  will  be  no  lack  of 
TOlunteers  for  manning  these  vessels. 

The  want  of  a  proper  Torpedo  Armament. — ^The  torpedo  armament 
of  submarine  boats  has  previously  consisted  either  of  a  spar  torpedo, 
or  of  a  submarine  mine  intended  to  be  fixed  to  the  ship's  bottom  by  a 
diver  emerging  from  the  attacking  boat,  or  floated  up  to  the  ship's 
bottom  on  being  freed  from  the  boat.  Either  of  these  methods 
unquestionably  constitutes  an  objectionable  feature,  inasmuch  as  this 
mode  of  delivering  its  blow  obliges  the  submarine  boat  to  approach 
into  too  close  a  proximity  to  the  hostile  ship  so  as  to  render  this  an 
exceedingly  hazardous  undertaking,  not  alone  because  of  the  risk  that 
naturally  attends  a  submarine  boat  which  is  obliged  to  pass  under  the 
bottom  of  a  ship,  or  in  the  case  of  the  spar  torpedo  to  come  practically 
into  contact  therewith,  but  also  on  account  of  the  possibility  of  the. 
"  Engineer  being  hoist  by  his  own  petard." 

In  the  "Tuck"  and  "Goubet"  systems  one  of  these  dangers  is 
certainly  evaded  by  attaching  a  long  length  of  electrical  wire  to  the 
mine  and  firing  it  at  a  distance ;  in  the  "  Holland  "  system  a  pneumatic 
submarine  gun  is  used,  having,  it  is  said,  a  range  of  200  yards ;  and 
in  the  "  Nordenfelt "  system  the  Whitehead  torpedo,  having  a  range 
of  some  300  to  400  yards,  is  employed,  and  in  both  of  these  latter 
cases  a  considerable  advance  has  been  made  in  the  mode  of  attack  of 
the  submarine  boat.  It  may  be  laid  down  as  an  axiom  of  submarine 
torpedo  boat  warfare  that  the  greater  the  eflfective  range  of  the  torpedo 
armament,  the  greater  is  the  safety  of  the  attack;  for  even  with  a 
pneumatic  gun,  or  with  the  Whitehead,  there  is  a  probability  of  the 
submarine  boat  when  wholly  submerged,  and  therefore  not  so  well  able 
to  judge  distance,  overrunning  its  distance,  and  coming  dangerously 
close  to  the  area  of  explosive  eflfect  of  its  own  torpedo. 

If  only  a  controUaUe  torpedo  rbe  devised  which  would  be  absolutely 
reliable  at  a  range  of  say  1000  yards,  the  power  of  attack  of  a  sub- 
mersible torpedo  boat  would  be  immensely  increased,  for  then  she  need 
rarely  resort  to  complete  immersion,  as  at  this  distance  she  would  be 
practically  invisible  when  only  partially  submerged.    Another  weak 
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it  in  tlie  umunent  of  the  submarine  boats  of  the  past,  and  of 

!n  the  smaller  ones  of  the  present  day,  ts  to  be  noticed  in  the 

lenre  of  any  gun  defence,  but  this  defect  has  been  overcome  in 

the  latest  types  of  "  Nordenfelt "  boata  by  the  provision  of  one  or  more 

machine,  or  light  quick-firing  guna. 

The  urant  of  Adequate  Size  and  Strength. — A  conspicuous  feature  of 
the  submarine  boats  hitherto  and  usually  constructed  for  war  purposes 
their  want  of  sine,  and  this  has  had  a  decidedly  deterrent  influence 
inst  their  adoption,  because  iueJlicient  dimensions  means  incapa- 
lility  of  providing  a  combination  of  those  qualities  which  arc  now 
understood  as  requisite  fur  the  reiilizatiou  of  an  efGcient  submersible 
torpedo  boat,  such  as;  (1)  High  speed;  (2)  Keeping  the  sea  in  all 
ithers  for  several  days  at  a  time ;  (3)  Sufficient  length  of  sub- 
;edrnn;  (4)  A  coal  endurance  of  several  hundred  miles;  (5)  An 
'mal  capacity  sufficient  to  enable  her  crew  to  remain  closed  up 
for  several  hours  without  calling  in  the  aid  of  special  apparatus  to 
renew  and  purify  the  air;  (6)  Copability  for  carryiug  an  efficient 
.terpedo  armament,  such  as  the  "Whitehead,"  and  also  »  small  gun 
Teniv ;  (7)  Structural  strength  for  a  maximum  submergence  nf 
feet,  without  fear  of  the  hull  collapsing,  or  of  l«?ing  dangerously 
ipressed ;  (8)  The  provision  of  armour  on  the  top  sides. 
It  bus  been  proposed  to  provide  the  smaller  submariue  boats  as 
part  of  the  equipment  of  men-of-war,  but  these  are  priu;tically  useless 
any  purposu  other  than  that  for  which  they  ore  desigued.  but  in  a 
of  peace  the  larger  boats  could  be  utilized  in  a  variety  of  ways, 
while  in  war  time,  besides  their  special  duties  as  a  torpedo  boat,  they 
would  prove  invaluable  as  despatch  vessels. 

If  a  submarine  torpedo  boat  is  ever  to  become  acceptol  as  an 

useful   adjunct   of  naval  warfare,  then   large  size   and  consequently 

inereased  (Hist  must  be  faced  as  an  absolute  necessity. 

J       ante    XHhod    of   Propulnon.  —  Manual    labour,    compressed    air, 

:ricity,  and  steam,  have  each  been  utilized  for  tmbmarino   boat 

olrion,  the  former  being  tlie  mure  prevalent ;  In  (act  this  was  the 

method  used  up  to  within  the  lost  few  years,  while  it  is  even  now 

■rted   to   in   tlio   case   of  some   of  the   Kuaaian  vessels.     Manual 

■nr  is,  however,  altogether  out  of  the  question  in  connection  with 

type  of  submarine  torpedo  boat  required  in  these  days,  owing  to 

want  of  power  and  cumbersomeness. 
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Electricity  and  compressed  air  have  so  far  failed  to  a£fbrd  satis- 
faction as  the  propelling  agent  of  this  class  of  vessel,  principally 
because  of  want  of  power. 

Steam  propulsion  has,  on  the  other  hand,  though  possessing  some 
disadvantages,  in  the  case  of  the  "  Nordenfelt "  (No.  4)  vessel,  demon- 
strated its  suitability  in  most  respects,  especially  in  the  matter  of  high 
speed  and  endurance ;  this  propelling  agent  has  one  defect  in  the 
length  of  time  occupied  in  closing  up  the  boat,  caused  mainly  by  the 
time  (25  minutes)  required  to  house  the  funnels ;  but  this  operation 
could  probably  be  performed  in  much  less  time  by  a  skilled  crew,  and 
the  present  system  of  housing  the  funnels  is  open  to  improvement,  and 
will  doubtless  be  altered  in  the  next  boat. 

It  has  been  proposed  to  combine  steam  and  electrical  propulsion 
for  submarine  boats,  the  latter  to  be  utilized  in  submerged  runs  only, 
but  it  is  questionable  whether  with  the  present  condition  of  electrical 
propulsion  any  practical  advantage  would  thus  be  obtained. 

It  might  be  surmised  that  a  boat  entirely  sealed  up  for  several 
hours,  when  using  steam  propulsion,  would  become  unpleasantly  hot, 
but  this  has  been  proved  not  to  be  the  case,  as  in  the  "  Nordenfelt " 
(No.  1)  small  boat,  after  a  submerged  run  of  14  knots  for  some  3  hours, 
the  thermometer  registered  only  90°  Fahr.,  which  is  considerably  cooler 
than  most  stokeholds  and  engine  rooms  of  ordinary  steamships. 

While  as  to  the  purity  of  the  air,  four  men  have  been  closed  up  in 
this  same  boat  for  six  hours,  without  any  appreciable  diminution  in  the 
length  of  the  flame  of  a  tallow  candle  placed  on  the  bottom  of  the  boat, 
where  the  greatest  impurity  of  the  air  would  be  experienced. 

Insufficiency  of  Speed. — This  lack  of  speed  possessed  by  submarine 
boats  up  to  the  advent  of  the  "  Nordenfelts  "  has  unquestionably  been 
one  of  the  main  reasons  of  their  not  being  adopted,  and  more  especially 
is  high  speed  a  desideratum  in  these  days,  because  of  the  increased 
speed  of  all  men  of  war,  and  the  presence  of  the  fast  surface  torpedo 
boat. 

High  speed  is  necessary  to  a  submarine  torpedo  vessel  to  enable  it  to 
cope  with  its  rival  the  surface  torpedo  boat,  to  make  a  rapid  passage  from 
port  to  port,  and  to  overhaul  a  hostile  ship  attempting  to  escape ;  and 
this  factor,  [of  high  speed  is  required  not  only  when  the  vessel  is 
running  on  the  surface,  but  also  when  partially  or  even  when  wholly 
submerged.      For  the  greatest  danger  the  submarine  boat  will  be 
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exposed  to  is  when  attacked  by  two  or  moie  steam  boats  armed  with 
tbe  spar  torpedo,  and  these  need  not  necessarily  be  special  torpedo 
boats,  provided  only  that  they  have  a  higher  rate  of  speed  than  the 
Hubmarine  boiit  when  whoHtf  submerged. 

Yi^t  though,  so  far  as  the  engine  power  of  a  submarine  vessel  is 
noorernod,  she  should  be  able  to  steam  for  a  short  lime  at  a  higlier 
rate  of  apeed  when  wholly  submerged,  than  on  the  snrfiu'c,  as  haa 
been  proved  in  the  WhUehead  experiments,  yet  in  this  condition 
there  is  the  ver;-  great  risk  of  the  submarine  vessel,  if  driven  W-yoiid 
a  speeil  of  some  5  knota,  being  caused  to  dive;  and  in  deep  water, 
nwing  to  the  comparatively  small  amount  of  the  reserve  buoyancy,  uf 
nwching  to  a  depth  beyond  the  Btnictnral  strength  of  the  hull, 
befom  the  corrective  forces  against  a  dive  have  had  time  lo  forco  hep 
to  assume  an  upward  direction ;  there  is  not  only  tbe  fear  under  these 
circumstances  of  the  boat  collapsing,  but  also  of  its  being  compressed 
sofBcicDtly  to  seriously  reduce  its  displacement ;  while  in  shallow 
water  there  is  the  risk  of  the  boat  being  driven  on  to  the  bottom,  and 
if  it  be  mud  or  clay,  of  her  being  held  there. 

The  greater  the  length,  weight,  ami  speed  of  the  boat,  the  greater 
the  likelihood  of  its  making  a  dangerous  dive.  There  is,  besides,  a 
fnrther  danger  to  be  apprehended  in  running  at  full,  or  even  at  alow 
■peed,  when  wholly  submei^ed,  from  the  fact  of  its  being  impossible  to 
diacem  objects  right  ahead. 

As  to  this  interesting  and  important  question  of  visibility  from  a 
flabnuuine  boat  running  beneath  the  surface,  Mr.  Nordcnfclt  states  us 
follows : — 

"As  X"  the  light,  we  have  never  been  down  more  than  IC  feet,  but 
at  that  depth  there  is  plenty  of  light  from  the  snrface  of  the  water. 
The  mirror  of  the  surface  throws  a  very  strong  light  inside  tlie  boat. 
Yon  cannot  see  fore  and  aft  except  at  the  angle  at  which  the  water 
above  you,  acting  as  a  lens,  reflects  objects  on  the  surface.  What  that 
angle  ifl  I  have  not  ascertained  absolutely,  but  it  is  a  tolerably  large 
angle.  You  cannot  see  far  forward  at  all,  and  you  cannot  aeo  far 
astern,  it  in  as  black  as  ink,  you  can  only  see  a  sort  of  segment.  You 
cannot  sec  forwards,  that  means  that  you  cannot  safely  advance  at 
gte«t  speed  under  water,  that  holds  at  least  until  it  haa  been  proved  to 
the  contrarj".  It  ia  imi»o8BibIe  to  think  of  a  submarine  boat  as  a  boat 
that  acttiaily  muiia-iivrcs  aud  does  its  wotk  under  water ;  I  gavo  thtt 
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up  from  the  very  commencemeni.  I  do  not  believe  for  a  moment  that 
a  man  can  go  down  and  steer  about  for  great  distances,  and  attack 
right  and  left ;  the  risk  is  too  great.  He  should  run  awash,  and  then 
he  would  see  where  he  was."  * 

Thus  it  is  clearly  evident  that,  if  alone  for  the  inability  to  see  any 
distance  ahead,  a  submarine  boat  wholly  immersed  ought  not  to  exceed 
the  limit  of  speed  which  practical  experience  has  fixed  at  5  knots ;  of 
course  when  only  partially  submerged  the  question  of  diving  alone 
limits  the  speed,  because  in  this  state  a  clear  all-round  view  can  be 
obtained  from  the  conning  towers. 

As  it  must  be  admitted  that  a  submarine  boat  would  be  very  con- 
siderably enhanced  as  a  torpedo  boat  by  possessing  the  power  of 
running  at  full  speed  while  partially  submerged,  and  as  it  is  now  an 
accepted  fact  that  the  condition  of  total  submersion  should  only  be 
resorted  to  under  certain  special  circumstances,  such  as  in  defending 
itself  against  the  attack  of  surface  torpedo  boats,  it  would  seem  worth 
the  attention  of  naval  architects  to  devise  a  torpedo  boat  capable 
of  running  at  its  highest  speed,  whether  on  the  surface  or  partially 
submerged,  and  give  up  the  idea  of  total  submersion. 

The  comparative  merits  of  two  torpedo  boats,  one  capable  of  run- 
ning at  the  rate  of  17  knots,  either  on  the  surface  or  when  partially 
submerged,  but  without  the  power  of  total  immersion,  and  the  other 
able  to  run  at  the  same  rate  on  the  surface,  but  only  at  some  5  knots, 
when  partially  or  wholly  submerged,  admits  of  much  argument ;  the 
question  turns  on  the  power  of  high  speed,  and  therefore  great  handi- 
noss  comparatively  in  partial  submergence  (only  the  conning  towers  in 
sight),  versus  absolute  invisibility  and  slow  speed. 

It  must  be  remembered,  in  considering  this  point,  that  under-water 
navigation  is  most  uncertain,  and  that  in  attacking  under  the  cover  of 
darkness  the  state  of  partial  submersion  is  a  state  of  practical  invisi- 
bility, while  even  in  daylight  at  slow  speed  it  is  sufficiently  so  for  all 
practical  purposes. 

The  Methods  of  Submersion, — The  dangerous  character  of  the  earlier 
systems  of  effecting  the  submersion  of  submarine  boats  was  another 
strong  reason  for  causing  them  to  be  looked  upon  with  disfavour,  due 
to  the  fact  that  in  these  methods  the  necessary  element  of  safety,  a 

*  Locturo  on  Submarine  Boats,  by  Mr.  Th.  Nordenfelt,  published  in  the  B.  U.  S. 
Journal,  188*J  (So.  cxxxiii.}. 
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^■btttiuii  amoant  of  reserve  booyaocjr,  which,  under  no  circumstances, 
^  should  be  reduced  or  destroyed,  was  ignored. 

Thus  any  accident  Iiappeuliig  to  the  uppuratus  for  discharging  tlie 
water,  or  lead  (liallast),  usuiiUy  worked  by  manual  labour,  was  bound 
to  result  in  the  loss  of  the  boat.  This  imperfect  system  of  suhmersion 
I  evfu  now  adopted  in  some  of  the  latest  submarine  boats. 

The  experience  ^lined  from  the  manipulation  of  Bubmarine  boats  of 
TarioQs  systems  during  the  last  two  hundred  years  teaches  the  fol- 
lowing lo«sou3  as  to  the  necessary  properties  of  an  effective  and  safe 
tiu'thixl  of  submersion : — ■ 

1.  The  maintenance  at  all  times,  and  under  all  circumstances,  of  a 
reaerre  buoyancy,  the  minimum  amouut  of  which  should  depend  on 
Mhe  size  of  the  boat,  and  which  should  be  as  large  as  it  is  feasible  to 


2.  The  overcoming,  not  destroying,  of  this  reserve  buoyancy  for  the 
purposes  of  submersion  by  meckanical  means  only,  in  such  a  manner 
that  only  while  it  is  in  operation  can  the  boat  be  kept  immersed,  so 
that  any  accident  happening  to  the  latter  must  cause  the  former 
(resorre  buoyancy)  to  come  into  operation  to  cause  the  boat  at  once 
la  rise  to  the  gorface. 

3.  Tho  provision  of  powerful  pumps  to  eject  any  leakage  of  water, 
which  miglit  otherwise  in  time  destroy  or  reduco  to  dangerous  limits 
this  important  factor  of  safety  (tho  reserve  buoyancy),  and  apparatus 

enabling  the  instant  detection  of  any  leakage. 

4.  Tho  capability  for  immersing  the  boat  when  in  a  state  of  rest. 

5.  Tho  maintenance  of  horizontality  during  the  process  of  sub- 
•.  and  also  while  running  beneath  tho  surface. 

6.  The  provision  of  automatic  means  for  keeping  the  boat  at  any 
specified  depth. 

7.  The  whole  of  the  apparatus  for  offcctiug  the  submergence,  and 
maintaining  the  boat  horizontal,  to  bo  under  the  immediate  control  of 
the  captain,  who  should  also  bo  provided  with  iustrumeuts  for  regis- 
t«riag  the  degree  of  inclination  (if  any),  and  state  of  air  in  the 
boat 

Tho  important  factor  of  safety,  the  retention  of  a  reserve  bnoyancy, 
i»  a  feature  common  to  the  "  Tuck,"  "  Holland,"  aud  "  Xordeufelt " 
Bystems,  but  all  the  other  properties  consistent  with  securing  absolute 
•afoly  in  submerging  a  boat,  and  running  it  when  submerged,  as  before 
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enumerated,  are  only  to  be  found  in  the  latest  type  of  "  Nordenfelt," 
the  No.  4  boat. 

The  "  Tuck  "  system  provides  for  immersion  when  the  boat  is  at 
rest,  by  the  admittance  of  water,  and  also  by  a  single  horizontal  pro- 
peller beneath  the  bottom  of  the  boat,  and  it  can  also  be  caused  to 
dive  when  moving  through  the  water  by  horizontal  stem-rudders,  but 
it  lacks  the  most  important  property  of  any  satisfactory  means  for 
maintaining  horizontality  during  the  process  of  immersion,  or  during 
a  submerged  run. 

The  feature  of  the  "  Holland  "  system  is  that  immersion  is  effected 
by  causing  the  boat  to  dive  by  the  aid  of  horizontal  stem  rudders,  and 
therefore  it  lacks  the  essential  property  of  horizontality,  as  well  as  of 
immersion,  when  in  a  state  of  rest. 

It  may  be  noted  here  that  Mr.  Holland  originally  tried  the  plan  of 
horizontal  submersion  by  means  of  bow  and  stern  rudders,  but  found 
that  this  was  necessarily  a  very  slow  process  with  the  boat  moving  at 
the  slow  speed  which  safety  considerations  demand  for  a  condition  of 
submergence,  and  therefore  he  had,  perforce,  to  give  this  method  up, 
and  now  believes  that  diving  is  an  essential  feature  of  a  submarine 
boat. 

In  the  case  of  a  very  small  submarine  boat,  immersion  by  diving 
may  not  bo  so  dangerous  a  process,  but  for  vessels  of  suitable  dimen- 
sions for  properly  fulfilling  the  duties  of  a  submarine  torpedo  boat  this 
method  is  inadmissible,  owing  to  its  dangerous  character. 

The  "  Nordenfelt "  system  of  submersion,  as  exemplified  in  his 
more  recent  boat,  No.  4,  satisfies  in  every  particular  the  requirements 
of  a  safe  and  efficient  means  of  submergence  before  stated;  this 
system  includes  an  ample  reserve  buoyancy  of  at  least  half  a  ion, 
which,  except  by  unforeseen  circumstances,  as,  for  instance,  a  leak,  is 
always  retained,  whether  the  boat  be  wholly  or  only  partially  sub- 
merged ;  two  horizontal  propellers,  one  at  each  extremity  of  the  boat, 
working  vertically  by  separate  engines,  so  that  they  may  each  be  run 
at  different  speeds,  or  one  altogether  stopped,  or  one  reversed,  for  the 
purpose  of  maintaining  the  horizontality  of  the  boat  at  all  times. 
With  a  careful  captain  who  closely  watches  the  instrument  which 
registers  any  inclination  of  the  boat  upwards  or  downwards,  there 
should  be  no  danger  of  the  boat  ever  getting  more  than  a  degree  or 
two  out  of  tlie  horizontal,  and  no  possibility  of  diving. 
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These  two  horixontal  propellers  are  the  mechanical  means  by  which 
the  boat  is  drawn  lodily  nnder  the  water,  i.€.  the  reserve  buoyancy 
acting  upwards  is  overeomey  not  destroyed,  and  therefore  is  always 
tending  to  bring  the  boat  to  the  surface ;  the  time  of  immersing  the 
boat  to  any  desired  depth  depends  upon  the  rate  these  propellers  are 
ran  at,  and,  by  reyersing  them,  an  additional  power  of  ascension  is 
obtained. 

Automatic  apparatus  is  also  provided,  by  which  these  propellers  are 
stopped  automatically  at  any  set  depth,  and  similarly  set  going  again 
when  the  boat  has  ascended  above  this  depth ;  the  captain  has  at  the 
same  time  control  of  the  submerging  engines,  independent  of  the 
automatic  arrangement 

The  amount  of  reserve  buoyancy  may,  of  course,  be  increased, 
necessitating  additional  power  in  the  submerging  engines,  either  by 
decreasing  the  amount  of  hot  water  carried,  or  by  enlarging  the 
dimensions  of  the  boat* 

Besides  the  reserve  buoyancy  and  the  reverse  action  of  the  hori- 
lontal  propellers,  the  upward  force  may  be  increased  very  tapidly  by 
blowing  out  the  hot  water  (27  tons),  and  still  further  by  discharging 
the  35  tons  of  cold  water,  for  which  latter  purpose,  and  also  for  the 
overooming  of  any  leak,  powerful  pumps  are  provided*;  so  that  the 
normal  factor  of  safety  can  be  greatly  added  to  in  case  of  an  untoward 
accident 

It  must  not  be  supposed  that  this  strong  commendation  of  the 
'^  Nordenfelt "  method  of  submersion  applies  to  the  '^  Nordonfelt  *' 
safamarine  boat  as  a  whole,  for  it  has  yet  to  be  demonstrated  that 
steam  is  the  best  form  of  propulsion  for  such  vessels,  and  that  the 
Nordenfelt  or  any  other  submarine  boat  can  be  made  effective  for 
torpedo  operations ;  but  the  principle  of  submersion  therein  adopted 
is  most  assuredly  the  right  one. 


X  2 


APPENDIX. 


TXCM 

EXPLOBIYES  FOB  SUBMABIKE  WaBFABB  .  .  .  •      311 

SuBMABiKE  Mike  and  Tobpedo  Expebihekts  .  322 

The  Wood-Haight  Tobpedo 325 

A  STHOP8I8  OF  Events  connected  with  Toepedoes    .        •    330 


AppE!n)ix.]  Abbot  on  Explosive  Mixtures.  311 


APPENDIX. 


EXPLOSIVES  FOIl  SUBMARINE  WARFAIIE. 

The  following  summaries  and   data  are   taken  from  General  Henry  L. 
Abbotts  U.SA.  report  (1881)  on  Sub- Aqueous  Exj^losions. 

I. — Summary  of  Besulis  tciih  Ejc^flosice  Mijcturtif, 

I. — The  nitrate  mixtures  would  be  far  inferior  to  the  chlorates  for  use 
in  torpedoes  were  it  not  for  the  dangers  attending  the  handling  of  the 
latter.  How  much  this  should  weigh  in  deciding  between  them  will 
depend  upon  local  circumstances. 

II. — ^If  gunpowder  be  chosen  as  the  explosive,  the  finest  and  the  quickest 
grades  are  the  most  economical — indeed,  none  other  should  be  employed. 

III. — ^Numerous  well-distributed  points  of  ignition  are  very  desirable ; 
and  if  large  detonating  primers  are  available,  they  should  be  used. 

lY. — Strength  of  case  is  of  the  highest  imj^ortance.  A  small  charge  in 
a  strong  iron  torpedo,  when  fired  in  the  close  vicinity  of  the  enemy,  is  as 
effectiye  as  three  or  four  times  the  amount  in  a  wooden  tor|x>do.  Also,  the 
nearer  the  form  of  case  approaches  a  sphere  the  better. 

V. — An  air  chamber  in  the  torpedo,  equal  to  the  charge  in  dimensions 
and  cubic  capacity,  is  decidedly  advantageous,  because  it  serves  to  direct 
the  blast.  This  advantage  is  greater  with  stationary  than  with  movable 
torpedoes,  the  increased  bulk  being  an  objection  in  the  latter  case. 

VL — The  relative  strength  of  the  different  explosive  mixtures  for  use 
under  water  appears  from  these  experiments  to  be  the  following,  mortar 
powder  being  adopted  as  the  standard  : — 

Mammoth  powder 0*08 

Gannon          ,. 0*18 

Mortar          „ .  1*0 

Sportmg       „ 2*61 

Safetj  oompouod  (chlorate) 30*G*i 

An  instantaneous  photograph  of  the  explosion  of  an  iron  torpedo, 
ocmtaining  276  lbs.  of  mortar  powder,  resting  on  the  bottcmi  in  water  10  feet 
deep,  is  represented  in  the  frontispiece. 

Distance  from  camera,  300  feet;  height  of  jet  on  phite,  157  feet; 
probable  total  height,  280  feet. 
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II. — Summary  of  Bemlta  with  Explosive  Compounds, 

I.— Dynamite  No.  1,  compressed  gun-cotton,  and  probably  explosive 
gelatine,  are  all  suitable  explosives  for  the  submarine  mining  service. 

n. — No  advantage  is  derived  from  multiplying  the  points  of  ignition 
with  either  of  them.  One  heavy  detonation  within  the  charge  will  develop 
its  full  power. 

m. — ^A  priming  charge  of  dynamite  must  be  kept  dry  and  in  the  state 
of  loose  powder  to  ensure  the  detonation  of  the  main  charge  under  all 
conditions  of  moisture  and  temperature.  Hence,  it  should  be  inclosed  in  a 
separate  case  provided  with  mechanical  devices  for  preventing  packing. 

lY. — ^No  advantage  is  secured  by  confining  the  charge  in  a  strong  case. 
Hence,  the  latter  may  be  made  to  conform  to  the  mechanical  requirements 
of  the  problem ;  provided,  however,  that  its  material  shall  be  hard  and 
thin,  so  as  not  to  absorb  an  unnecessary  part  of  the  energy  of  the  charge. 

y. — The  moderate  air  chamber  within  a  buoyant  torpedo,  indispensable 
to  the  requisite  flotation,  is  not  objectionable ;  but  it  should  not  be  larger 
than  is  necessary. 

YI. — ^No  fear  need  be  entertained  of  the  sympathetio  explosion  of  one 
charge  from  the  explosion  of  its  neighbour,  or  of  a  countermine,  provided 
the  case  be  of  iron  strong  enough  to  resist  rupture  from  the  shock. 

VII. — ^No  danger  of  deterioration  after  planting  exists  either  with 
dynamite  or  compressed  gun-cotton,  when  proper  care  has  been  observed  in 
the  manufacture  and  testing  of  the  explosive. 

VIII. — Neither  great  depth  of  water  nor  great  submergence  is  needful 
to  develop  the  full  force  of  explosive  compounds.  From  3  to  5  feet  is 
sufficient  for  100-pound  charges. 

IX. — The  following  figures  represent  the  relative  intensity  of  action  of 
the  several  explosives  when  fired  under  water : — 

Explosive  gelatine 117 

Dualin Ill 

Hercules  powder  No.  1           ......  106 

Dynamite  No.  1  (Giant  Powder) 100 

Bendrock 94 

Oun-cotton 87 

Nitro-glycerino 81 

ni. — Best  Explosive  for  Submarine  Mines. 
The  merits  to  be  sought  in  an  explosive  for  this  service  are : 
I. — The  greatest  possible  intensity  of  action  when  fired  under  water,  in 
such  envelopes  as  are  suitable  for  submarine  mines.  This  condition 
excludes  all  of  the  explosive  mixtures  ;  and,  among  the  explosive  compounds, 
limits  the  choice  to  explosive  gelatine,  dualin,  hercules  powder  No.  1, 
dynamite  No.  1,  rendrock,  and  gun-cotton. 

II. — Betention  of  normal  strength  under  the  conditions  incident  to  the 
service,  viz.,  the  lapse  of  time,  alternate  freezing  and  thawing,  occasional 
wetting,  and  even  saturation  with  water.     By  this  standard,  dualin  is  far 


inferior  to  dyi)anut«  and  gnn-ootton,  einoe  it  is  dangerons  wHen  frozen, 
uid  whea  saturated  loses  half  of  its  normal  etrengtb  ;  while  neither 
put-cotton  nor  dynamite  in  loose  powder  are  materially  affected  by  water. 
Hercnlea  powder  and  rendrock  ate  quite  eicluded  from  the  list  liy  thia 
oonditiou,  since  their  ahsorbentfl  are  soluble. 

HI. — CouTenience  in  loading — involving  safety  in  transportation  and 
in  handling  with  ordinary  roughness  ;  a  form  which  admits  of  ready 
insertion  through  a  hole  small  enough  to  be  easily  rendered  water-tight ; 
and,  lastly,  a  high  density  giving  a  small  bultc.  Gun-cotton  when  wet  is 
iinite  safe  ;  but  its  disc  or  slab  form  is  inconvenient,  and  when  granulated 
it  is  bulky.  Dynamite  with  reasonable  care  is  quite  safe,  but  when 
handled  by  men  not  accustomed  to  its  use  it  often  causes  headaohe.  In 
respect  to  density,  even  in  the  shape  of  loose  powder,  it  has  the  advantage 
over  either  of  the  others,  and  it  can  bo  readily  inserted  through  a  hole 
3  inches  in  diameter.  Dualin  is  unsafe  when  fro7«n :  is  as  objectionable 
u  dynamite  tn  respect  to  headaches;  and  is  also  quite  bulky.  liy  thia 
standard,  therefore,  it  again  appears  that  dualin  is  decidedly  inferior  to 
tjte  other  two. 

IV, — Market  facilities.  It  is  undesirable  that  a  large  supply  of  any 
of  these  high  explosives  should  be  kept  in  store  in  our  forts  during  peace. 
Henoo,  to  bo  readily  obtainable  in  the  market  in  large  quantities,  is  no 
small  merit.  Gun-cotton  is  not  manufactured  in  this  country.  Dualin  is 
to  be  had  &um  only  one  party ;  and  its  manufacture  is  shrouded  with  so 
mocb  mystvry,  and  is  so  often  varied,  that  the  product  fails  to  oommand 
the  confidonoe  of  exports.  Dynamite  is  manufactured  largely  and  at 
raaaooable  cost  by  two  responsible  companies,  one  near  San  Francisoo,  and 
the  other  near  New  York  City ;  and  a  good  article  could  be  supplied  as 
fiwt  M  the  Government  would  require  it,  even  in  an  emergency. 

IV. — Ahbofa  Formula  for  Xean  Premtre. 


p_     3/  /  6i536^(A  +  E)  C  y 
V   k"(D-t-0-01)'-'    )    ' 
where 
P  =  ThepresBureinpoundspersqnareinchofsurfaoeexpoBedtotheshock. 
C  =  The  weight  of  the  charge  in  pounds. 

D=  The  distance  in  feet  from  the  centre  of  the  explosion  to  the  surface 
cx]>oac<l  to  the  shook. 
i  A  =  Tho  augle  with   the  vortical  passing  through   the   centre  of  the 
charge,  made  by  a  line  drawn  from  that   point  to  the   surface 
exposed  to  the  shock,  reckoned  from  the  nadir  and  expieowd  in 

For  Explosive  Gelatine    .     .  2A9. 

..    Dynamite  No.  I     .      .      .      .      186. 
„    Gun-cotton ISH. 
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General  Formula  fbr  Destruotive  Badiua. 


[Affehdol 


Y. — Ahbofs  Formula  far  DestrucUve  Badtus, 

The  general  formnla  for  the  extreme  destructive  range  (B)  of  a  sub- 
marine mine  charged  with  an  explosive  compound  and  acting  upon  a 
first-olass  ship-of-war,  which  has  resulted  from  this  investigation  and  from 
which  the  foregoing  table  has  been  computed,  may  be  placed  under  the 
following  form  for  convenience  of  application.  In  any  particular  case, 
substitute  the  numerical  values  of  A,  E  and  C,  and  find  B.  If  the  vessel 
lies  at  this  or  at  a  less  distance,  she  will  be  destroyed ;  if  at  a  greater 
distance,  she  will  escape  rupture  of  the  hulL  A  submergence  of  the  charge 
properly  suited  to  its  size  is  supposed — say  not  less  than  three  or  four  feet 
for  one  hundred  pounds,  and  proportionally  greater  for  larger  amounts. 


E  = 


v/(A-f  E)C 
.8 


By  this  mode  of  treatment  the  results  are  made  general  Suppose,  for 
example,  that  the  strength  of  the  hulls  of  ships-of-war  should  be  increased. 
A  corresponding  change  in  the  constant  8,  would  indicate  the  new  require- 
ments. Suj^pose  that  some  new  explosive  compound  should  prove  to  be 
better  suited  to  the  work  than  dynamite.  A  new  value  for  the  constant  E 
in  the  general  formula  just  given  is  all  the  change  that  would  be  required. 
It  will,  therefore,  be  comparatively  easy  hereafter  to  keep  pace  with 
modem  progress;  but  it  must  not  be  forgotten  that  there  will  be  need 
of  constant  vigilance  and  systematic  research. 

Table  XXIII. — Extreme  Destructite  Ranges  (Abbot). 


Nature  of  Explosive. 


Charge. 


Dynamite  No.  1      .         .         .         . 
Oan-ootton     ..... 
Explosive  gelatine  .... 
Sporting  powder,  1  faze  per  cubic  foot 
Sporting  powder,  1  central  fuze 

Dynamite  No.  1      .         .         .         . 

Gun-cotton 

Kx;ilo«nTc  gelatine 

Sporting  powder,  1  fuze  per  cubic  foot 

Sporting  powder,  1  central  fuze 

Dynamite  No.  1       .         .         .         . 
Gun-cotton     .         . 
Explofliye  gelatine  .... 
Sporting  powder,  1  ftize  per  cubic  foot 
Sporting  powder,  1  central  fuze 


F0IIDd8. 

100 
100 
100 
100 
100 

200 
200 
200 
200 
200 

500 
500 
500 
500 
500 


Horizontal  range. 


Vertical  range. 


Feet 
16-3 
14-7 
18-2 
3-3 
31 


22- 

20- 

25' 

7- 

6 

35 
81 
39 
19 
16 


6 
5 
3 
4 
6 

0 
7 
1 
5 
2 


Feet. 
18-6 
17 
20 

3 

3 


3 
3 
3 
1 


25 
24 
28 

7" 
6 


9 
1 
2 
4 
6 


40-0 
87-3 
43-7 
19-5 
16*2 


The  following  formulae,  and  the  Tables  XXIV.  to  XXVIT.  indnsiye,  are 
taken  from  Colonel  £ucknill*s  (late  B.E.)  series  of  articles  on  **  Submarine 
Mining,"  published  in  the  Engineering  in  1887  : — 


AmoiDix.J 


Bucknill'B  FormulaB. 
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Vr. — BucknilVa  Fortnulm  far  Mean  Pressure. 

p-'4^('+S) <•) 

e    \ 


r=^'('+S)(- 


90  ^    100 


j  .  .  .  .  (b) 


(a)  If  target  and  charge  be  in  the  same  horizontal  plane. 

(b)  If  target  be  out  of  the  horizontal  plane. 

P  =  pressure  in  pounds  per  square  inch  of  surface  exposed  to  the  shock. 

C  =  weight  of  charge  in  pounds. 

I  =  relative  intensity  of   action  of  the  explosive,  dynamite  No.  1 

being  the  unit. 
D  =  being  the  distance  in  feet  from  the  centre  of  the  charge  to  the 

target. 
A  =  angle  between  the  line  joining  the  centre  of  the  charge  and 

target  and  the  horizontal  plane. 
e  =  percentage  for  particular  explosive  used,  plus  if  target  bo  above 

horizontal  plane  through  charge,  minus  if  below. 

Table  XXIV. — Values  fob  I  ahd  e  (Buckmill). 


DMcripUoQ  of  Explosive. 


Blasting  gclatino    . 
Forcito  .         .         .         , 
Oelatino  dynamito  No.  1 
Dynamite  No.  1 
Oun-cotton     . 
Gaupowder    . 


I. 

1 

c 

142 

12 

133 

14 

123 

16 

100 

20 

100 

20 

25 

35 

Table  XXV.— Belative  Values  of  ExPLOsnns  fob  Submabiite  Mikino  (Bcckkill). 


DetcrtpUoQ  of  EzplotlTe. 


Efficiency  under  Water. 

• 

^4 

I 

1 

it 

i    ^ 

• 

o 

Wdgbto 
foot  in 

1 

.a* 

e 

-i 

1 

RUIAUU. 


1     Blasting  gelatlno 


2  !  Forcito . 

3  Gelatine  dynamite 

4  Dynamite  no.  1 
.  /Gun-cotton,  dry 
^  \         „  wet 

6  Tonite  . 

7  Gan|)owder    . 


1  54 

96-3 

24 

142 

1-51 

95-4 

? 

133 

ir)5 

96-9 

21 

123 

1-6 

1000 

17 

100 

106 

660 

27 

100 

1-32 

82-5 

•  • 

80 

12S 

800 

•  • 

85 

0-9 

56  0 

5 

25 

138 

127 

119 
100 
66 
66 
CH 
14 


101 


99 
100 


The  mannfactnring  ooet 
probably  less  t^n  of 
blasting  gelatine. 
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VII. — Abhofs  Iron  Target  Experiments. 

Description  of  iron  target : — This  target  was  designed  to  represent  a 
corresponding  area  of  the  bottom  of  H.M.S.  Monarchy  then  (1873)  one  of 
the  most  powerful  ironclads  afloat. 

The  target,  in  general  shape  a  quadrangal  box,  20  feet  square  by  3  feet 
in  depth  (internal  dimensions),  was  formed  of  plate-iron,  closed  on  all 
sides,  and  supported  by  fore  and  aft  and  athwartship  framing,  dividing  the 
internal  space  into  25  partial  cells,  4  feet  long,  4  feet  wide,  and  3  feet  deep. 
The  bottom  and  sides  were  formed  of  plates  f  inch  in  thickness,  and  the 
top  or  deck  of  plates  ^  inch  in  thickness.  Great  additional  strength  was 
given  to  the  structure,  as  a  whole,  by  the  introduction  of  17  wrought-iron 
pipes  (4  inches*  internal  diameter,  and  ^  inch  thick)  between  the  deck  and 
bottom,  to  facilitate  the  attachment  of  the  dynamometers  and  the  torpedoes. 
The  external  surface  was  caulked  and  made  completely  watertight,  no 
pains  being  spared  to  make  the  target  fully  equal  in  workmanship  to  an 
equivalent  section  of  the  best  type  of  double  cellular  bottom. 

The  total  weight  of  the  target  when  ready  for  an  explosion  was  about 
26  tons — placing  the  deck  about  9  inches  above  the  water  surface. 

To  prevent  as  far  as  possible  any  general  yielding  to  the  shock,  four 
1000-lb.  mushroom  mooring  anchors  were  placed  opposite  each  side  of  the 
target,  and  connected  together  by  twos  over  the  deck  with  ^inch  chain 
cables. 

A  spot  having  a  tenacious  clay  bottom  was  selected,  and  the  anchors 
were  placed  on  the  circumference  of  a  circle  of  which  the  centre  was  under 
the  middle  of  the  target.  The  chains,  making  an  angle  of  45°  with  the 
bottom,  were  hauled  taut  with  blocks  and  falls  ;  knotted  together  over  the 
target  at  low  water ;  and  strained  by  a  tidal  rise  of  about  8  feet.  This 
reduced  the  deck  height  to  about  3  inches,  and  enormously  increased  the 
resistance  to  any  upward  motion. 

VIII. — BemarJcs  on  Iron  Target  Experiments  (Abbot) . 

Shot  No,  388  (10th  June,  1875). — Charge  slung  from  a  boom  guyed 
from  a  small  jury  mast  24  feet  high.  The  explosion  was  sharp  and 
ringing,  raising  a  jet  of  water  25  feet  high,  which  lifted  but  did  not  break 
the  boom.  The  target  rolled  considerably  in  the  waves,  but  was  not 
injured. 

Shot  No,  389  (10th  June,  1875). — Charge  slung  as  before,  and  boom  not 
broken,  although  thrown  violently  around.  The  target  was  buried  in 
spray,  the  jet  rising  higher  than  the  mast.  The  chain  cables  rattled,  and 
a  large  stone  was  thrown  upon  the  deck. 

Shot  No.  390  (11th  June,  1875). — Loud  ring  from  the  target,  which  rose 
squarely  about  a  foot  in  a  fine  mist,  settled  back  say  9  inches,  and  then 
rose  again  say  6  inches,  when  a  jet  burst  upward  through  the  central  hole 
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to  a  height  of  about  15  feet.  The  deck  showed  a  slight  upward  bulging, 
with  three  small  cracks,  and  a  leak  was  opened  in  the  bottom  which  caused 
the  target  to  sink  in  about  two  hours.  It  settled  down  gently,  turning 
over  upon  one  side,  and  rested  vertically  on  the  mud. 

Shot  No,  391  (17th  August,  1875). — A  clear  white  jet,  say  25  feet  high, 
rose  close  alongside  of  the  target,  which  rolled  gently  in  the  waves  caused 
by  the  explosion.    No  damage.    A  fish  was  thrown  on  deck. 

Shot  No.  392  (17th  August,  1875). — A  jet  discoloured  by  mud  rose  very 
close  to  the  target,  throwing  mud  and  stones  on  deck.  No  injury  could  be 
detected  by  a  careful  inside  inspection.     The  rolling,  as  before,  was  gentle. 

Shot  No.  393  (17th  August,  1875). — This  shot  was  more  serious  than 
any  of  the  preceding.  The  jet  rose  under  the  comer,  bulging  in  that 
compartment  about  half  an  inch,  and  caused  a  very  slight  leak.  Much 
mud  fell  on  deck.  A  |-inch  bolt  head  was  forced  off  from  a  deck  plate 
near  the  manhole.  The  jet  was  high  and  a  little  deflected  by  the  target, 
which  plunged  in  the  subsequent  waves,  but  met  the  blow  fairly. 

Shot  No.  394  (19th  August,  1875).— The  jet  (photographed)  was  140 
feet  high  and  tinged  with  mud.  The  shock  bulged  the  side  plates  from 
^  to  f  inches  on  the  side  attacked,  and  opened  some  small  leaks  next 
bottom  plate.  The  deck  indicated  a  slight  bulging  upward,  near  the 
middle  of  the  target.     The  rocking  in  the  waves  was  violent. 

Shot  No.  395  (19th  August,  1875).— The  jet  (photographed)  was  200 
feet  high.  The  chains,  notwithstanding  the  heavy  strain  on  them,  wero 
thrown  about  on  deck,  and  the  wedges  holding  down  the  gauge  rods  were 
loosened.  Several  small  leaks  were  opened,  which  sunk  the  target  in  an 
hour  and  three-quarters  in  spite  of  the  pumps.  The  chains  scored  the 
edges  of  the  deck  under  the  violent  plunging  of  the  target. 

A  survey  of  the  bottom  showed  every  compartment  to  be  so  bulged  in 
as  to  distinctly  reveal  the  fore  and  aft  and  athwartship  framing;  the 
average  maximum  depression  for  the  twenty-five  compartments  was 
1  •  5  inch,  ranging  from  0  •  8  inch  to  2  •  2  inches.  A  long  crack  extended 
along  the  edge  of  the  internal  angle  iron  from  No.  14  comer  to  within 
5  feet  of  No.  13  comer. 

Shot  No.  428  (18th  August,  1876).— The  jet  rose  to  a  height  of  110  feet, 
and  showed  by  a  forked  depression  in  the  centre  that  its  form  was  modified 
by  striking  the  target.  Of  the  sixteen  |-inch  chain  cables,  seven  were 
snapped  and  two  others  were  let  go,  one  by  the  breaking  of  a  shackle  and 
the  other  by  the  yielding  of  the  anchor  ring.  Corner  16,  with  both  its 
adjacent  sides,  was  thus  left  free ;  indeed,  only  one  complete  connection 
from  anchor  to  anchor  remained  over  the  target,  and  this  was  parallel  to 
and  next  the  side  14-13.  With  a  telescope  on  shore  the  target  was 
distinctly  seen  to  rise,  say  2  or  3  feet,  before  being  enveloped  by  the  jet. 
The  vibration  of  the  earth  was  noticed  at  a  distance  of  5  miles  with  a 
mercury  seismometer,  the  shock  arriving  in  about  5  seconds,  while  the  jet 
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was  Btill  high  in  the  air.  The  target  sunk  in  thirty  minateB  &otn  iigariM 
reotived. 

The  flurvoy.  after  raising,  showed  eo  much  general  disorganization  that, 
altbongh  there  was  no  open  rent,  the  question  of  repairs  was  a  doubtfal 
on«.  The  bottom  angle  irons  were  broken  and  riv(>t8  sheared  along  all  the 
fonr  sidea,  and  along  abont  lialf  of  the  bulkhead  frames.  Every  bottom 
atrake  of  plating  showed  cracks,  some  longitndiual  and  some  transverse, 
the  length  ranging  from  a  few  inches  to  4  feet ;  tho  inward  bulging  of 
more  than  half  of  the  oompartiuonts  exceeded  2  inches  :  the  comer  straps 
wcra  all  loosened  ;  many  bolt  heads  were  gone ;  and,  in  a  word,  the 
rtmctare  was  severely  shaken,  showing  a  tendency  toward  a  ilish-like  form 
with  tlio  ooncavity  downward.  It  was,  however,  finally  decided  to  repair 
it  for  another  trial. 

Shot  N<:  478  (12th  Septemlwr,  1877).— For  this  eiperimeut  no  attempt 
was  made  to  increase  the  stability  of  the  target  hy  anchorage,  as  the  strain 
to  he  delivered  was  bo  great  that  nothing  pf  the  kind  conid  be  made  to 
hold. 

The  sliuck  was  tremendoos,  instantly  envelopitig  the  target  in  a  broail 
bant  of  water,  which  rose  to  a  height  of  75  feet.  The  four  comers,  being 
hold  by  slack  hemp  cables  to  ships'  ancJiors,  prevented  the  overturning 
which  liad  happened  to  the  wooden  target  under  like  circnnistanoes. 
When  the  water  subsided  the  structure  was  seen  labouring  in  a  groat 
TOrtAZ,  which  sent  breakers  to  the  beach  a  hundred  yards  distant ;  but  it 
nnk  in  a  few  seoonds  before  the  upward  boiling  had  ceased.  One  comer 
nwte«l  in  the  mud,  thus  leaving  the  plane  of  the  bottom  verttoal  and 
mhjecting  the  gauges  to  no  pressure  from  the  weight. 

The  survey  after  the  target  was  raised  indicated  plainly  that  its 
itgortu  were  irreparable. 

IX. — Conridiraliimt  an  to  the  Intentity  of  the  Strain*. 

The  remarkablo  acoordanoo  between  the  compnted  and  the  observed 
mean  preesurea  for  the  first  six  shots  shows  that  no  serious  loss  ooourred  in 
oooseqnence  of  the  general  motion,  i.e.,  that  the  system  of  anchorage  ha<l 
■errvd  its  purpose  perfectly. 

AVhen  a  charge  of  100  [lounds  was  placed  under  thr  eJ-jif  of  tlie  tUKot, 
eren  at  the  considerable  diiitani«  of  30  feet,  the  lues  becximtM  apparent ; 
and  wh«n  this  range  was  reduced  to  20  feet,  not  leas  than  ;tO  [icr  cunt,  of 
the  whole  intensity  of  the  blow  was  alMorbed  in  the  recoil,  uotwithittanding 
the  faoBvy  chain  anchorage. 

When  a  charge  of  20O  pounds  was  placed  30  feet  centrally  under  tb» 
largeif  thus  developing  the  resisting  power  of  the  whole  sixtorn  anohon, 
tBslesd  of  one-half  of  them,  as  before,  the  loss  was  reduced  to  aUmt  7  per 
otot. ;  but  even  this  fraction  was  aufficieut  to  snap  every  mooring  except 
use.    Ramemberiiig  Uiat  these  moorings  consisted  of  J>inoIi  chain  cablet, 


322  The  **  Beflistanoe  **  SxperimentB.  [Afpehihx. 

attached  at  caoh  ond  to  a  '1,000-poimd  anchor  buried  in  mud,  and  strained 
by  a  strong  tidal  lift,  the  enormous  force  thus  diverted  from  rupturing  the 
target  is  evident. 

In  the  last  shot,  when  no  anchorage  was  attempted,  200  pounds,  placed 
centrally  10  feet  under  the  target,  expended  64  per  cent,  of  its  developed 
intensity  of  action  in  giving  motion,  and  only  86  per  cent,  in  efifecting 
rupture ;  thus  exhibiting  the  immense  advantage,  to  the  defence,  of  the 
great  weight  of  modem  ships-of-war. 

The  actual  destructive  strains  upon  the  target,  of  course,  arc  measured 
by  the  registered  and  not  by  the  computed  mean  pressures.  Hence,  it 
appears  that  when  this  quantity  equals  about  1,500  pounds  per  square 
inch,  the  blow  will  buckle  the  outer  plating  and  be  decidedly  injurious  to 
the  ship,  although  not  seriously  damaging ;  when  it  equals  3,500  x>ound8, 
the  shock  will  be  severe  upon  the  engines,  movable  articles,  <fec.,  but  will 
cause  no  dangerous  leak ;  and  finally,  when  it  equals  6,500  pounds,  a  large 
hole  and  a  bad  leak  will  be  produced.  This  will  be  much  worse  than  that 
caused  in  the  target,  because  the  effective  stiffening  due  to  the  gauge  pipes 
will  be  wanting,  and  also  because  the  quality  of  iron  in  the  structure  was 
greatly  superior  to  that  used  in  ordinary  ship-building. 

The  following  reports  of  experiments  are  taken  From  *' Information 
Series,"  published  by  the  U.S.  Navy  Department : — 

X. — The  *^ Resistance'*  Experiments, 

In  September,  October,  and  November,  1886,  and  June,  1887,  some 
torpedo  experiments  were  carried  on  against  the  Resistance,  to  test  the 
efficiency  of  net  protection,  and  the  destructive  effect  of  gun-cotton  on  an 
iron  hull  not  so  protected. 

The  Besistance  was  launched  in  1861,  and  was  constructed  on  a  different 
system  from  that  now  in  vogue.  Her  load  displacement  is  6,270  tons, 
being  a  little  less  at  the  time  of  the  experiment ;  armour  4^  inches  thick 
in  a  belt  from  4  feet  under  water  to  the  spar  deck ;  frames  spaced  2  feet ; 
skin  plating  ^-inch  iron  ;  no  double  bottom. 

The  first  experiment  on  September  21  was  in  the  explosion  of  61  pounds 
of  gun-cotton  against  a  Bullivant  net  hung  at  30  feet  from  the  side;  it 
resulted  in  the  tearing  of  the  net,  the  swifter,  however,  being  left  intact 
and  the  booms  uninjured,  though  the  heel  of  one  was  unshipped. 

In  the  second  experiment  (September  22)  a  16-inoh  Whitehead,  carry- 
ing 91  pounds  of  gun-cotton,  was  fired  against  the  net  himg  in  the  same 
position,  with  the  result  of  tearing  away  nearly  the  whole  of  the  net  and 
si)litting  one  boom  about  the  middle. 

In  the  third  experiment  (September  24)  the  net  was  only  15  feet  from 
the  ship's  side,  and  a  charge  of  61  pounds  of  gun-cotton  was  exploded  in 
contact ;  a  sea-cock  was  broken  by  the  concussion,  causing  a  leak. 
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On  October  18  another  16-inch  Whitehead  was  fired,  its  charge  of 
91  ponnds  exploding  on  impact  with  the  net,  which  was  hung  at  25  feet 
from  the  side.  A  rent  of  15  feet  was  torn  the  entire  depth  of  the  net  and 
the  swifter  broken,  bat  the  hull  sustained  no  injury. 

The  concluding  experiment  for  1886,  on  November  2,  was  against  the 
hull  itself.  The  point  selected  for  attack  was  on  the  port  side  abreast  a 
ooal-bnnker  4  feet  7  inches  deep.  This  was  filled  with  coal  and  a  ^inch 
longitudinal  water-tight  bulkhead  was  worked  5  feet  inside  of  it,  forming 
a  second  compartment  5  feet  deep.  A  torpedo-head  holding  91  pounds  of 
gun-cotton  (wet)  was  placed  in  contact  and  with  its  axis  normal  to  the 
hull,  10  feet  under  water,  just  at  a  half-inch  thwartship  bulkhead  and  just 
below  one  of  the  numerous  longitudinal  stringers.  At  the  time  of  the 
experiment  there  was  about  6  feet  of  water  under  the  keel.  The  ship 
gave  a  moderate  lurch  to  starboard,  and  finally  remained  fixed  with  a 
slight  list  to  port.  She  did  not  sink,  and  was  not  even  docked  for  several 
days  afterwards. 

The  effect  of  the  concussion  was  distributed  over  an  area  of  about 
20  feet  in  length  by  15  in  depth,  the  limits  in  the  latter  direction  being 
the  armour  shelf  and  the  outer  bilge-keel.  Throughout  this  surface  the 
skin  was  bulged  in  between  the  frames,  none  of  the  latter  being  broken 
excepting  the  two  nearest  to  the  point  of  explosion.  Here  the  longitudinal 
had  been  forced  in  and  the  metal  of  the  skin  torn  apart ;  five  plates  were 
slightly  cracked  vertically.  The  thwartship  bulkhead  was  considerably 
torn  and  rolled  up,  and  the  coal-bunker  bulkhead  was  torn  with  it. 
Admitting  water  to  the  inner  compartment ;  but  the  third  skin  was  intact. 
The  outer  bilge  keel  was  started  and  bent  downward  and  broken  in  places 
for  about  8  feet.  The  interior  of  the  vessel  gave  evidences  of  a  great 
concussion  ;  bunker  plates  had  been  thrown  up  and  struck  the  deck  above ; 
deck  stanchions  had  been  lifted  in  their  seats,  fire-room  plates  displaced, 
skylights  unseated,  and  a  signal  mast  broken  off  just  below  the  hounds. 
There  being  no  steam  up  nor  any  engines  in  motion  the  effect  on  running 
machinery  was  not  determined.  As  it  was,  the  force  of  the  blast  was 
mainly  expended  in  local  disruption,  and,  apart  from  the  moral  effect, 
which  it  would  be  difficult  to  predicate,  the  fighting  efficiency  of  the  ship 
WM  not  seriously  impaired. 

On  resuming  the  experiments  in  1887,  the  vcsnel  was  fitted  with 
Bullivant  nets  and  32-feet  steel  booms,  the  latter  being  spaced  45  feet. 
The  wing  passage  was  left  empty,  and  the  coal-buukor,  which  had  been 
worked  inside  of  that,  was  filled.  On  the  9th  of  June  an  old  pattern 
16-inch  Whitehead,  set  for  10  feet,  was  fired  against  the  net  on  the  port 
side  abreast  the  engine  room,  from  the  under-water  tube  of  the  Vesuvius, 
at  an  approximate  range  of  50  yards ;  the  charge  was  said  to  lie  reduced 
to  87  pounds  of  gun-cotton.  The  torpedo  struck  the  net  in  the  middle, 
immediately  under  a  boom ;  no  damage  cnsue<l  to  either  boom  or  hull. 

Y  2 
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On  June  10,  a  charge  of  220  pounds  of  gun-cotton  was  suspended  at  a 
depth  of  20  feet  from  the  jackstay  of  the  nets  (which  are  20  feet  deep), 
30  feet  from  the  side.  When  it  was  exploded  the  ship  was  not  observed 
to  heel  or  move ;  some  of  the  steel  booms  were  bent,  but  no  other  damage 
was  done. 

On  June  14,  a  95-pound  charge  of  gun-cotton  was  exploded  in  contact 
with  the  starboard  bilge,  at  a  depth  of  20  feet.  The  double  bottom,  2^  feet 
deep,  was  empty,  and  the  coal-bunker  filled  (the  conditions  being  thus 
reversed  from  those  of  last  year).  The  explosion  created  a  sharp,  whistling 
report,  in  place  of  the  usual  dull  boom ;  the  ship  lifted  bodily  near  the 
stem,  listed  gradually  to  starboard  some  8  or  10  degrees,  and  very  slowly 
sank ;  coal  dust  was  seen  to  sweep  up  from  the  hold.  Accurate  knowledge 
of  the  result  cannot  be  obtained  until  the  vessel  is  raised  and  docked  ;  but 
from  a  hasty  examination  it  appears  that  the  inner  bottom  was  dislocated, 
the  bunker  compartment  was  penetrated,  water-tight  doors  and  bulkheads 
had  ceased  to  operate,  and  water  was  flowing  in  from  a  hundred  places. 

XI. — Torpedo  Expertmenta  at  Toulon, 

In  September,  1886,  at  Toulon,  110-pound  charges  of  dry  gun-cotton 
were  detonated  at  different  distances  from  the  side  of  the  Belliqueuse^  an 
old  wooden  iron-clad,  to  test  the  efficiency  of  net  protection.  At  30  and 
25  feet  distance  no  damage  was  done  to  the  hull ;  at  23  feet  the  caulking 
was  driven  out  of  a  seam  for  a  length  of  about  6  feet,  but  that  was 
presumably  due  to  defective  caulking,  as  at  20  and  17  feet  no  effect  was 
produced. 

XII. — Toi'pedo  Experiments  at  Cherbourg^  1885. 

In  order  to  ascertain  the  effect  of  explosion  of  a  torpedo  upon  a  modem 
ship's  bottom,  the  French  minister  of  marine  caused  a  portion  of  the  old 
floating  battery  La  Protectrice  to  be  so  fitted  with  inner  bottom,  bulkheads, 
and  bunkers  as  to  resemble  the  corresponding  parts  of  vessels  now  under 
construction. 

The  Protectrice  was  built  in  1864,  of  iron.  She  has  a  displacement  of 
1,287  tons,  is  armoured  with  5 J  inches  of  iron,  and  has  two  horizontal 
engines,  driving  twin  screws. 

That  part  of  the  hull  upon  which  the  experiment  was  to  be  made  was 
fitted  with  a  double  bottom  and  a  longitudinal  bulkhead,  the  latter  about 
six  feet  inside  the  outer  skin.  Inside  this  bulkhead  another  was  placed 
for  the  purpose  of  preventing  the  admission  of  water  to  the  engine  or 
boiler  rooms.  The  outer  skin  of  the  Protectrice  is  0*51  inch  thick.  The 
inner  skin  0*35,  and  the  bulkhead  0*31  inch  thick,  were  fitted  for  the 
experiment.  (The  bottom  skin  of  a  modern  French  armour-clad  is  about 
0  •  70-inch  iron  plate.)  *  The  spaces  between  skins  and  bulkl^eads  werq 
empty. 
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^■i  Tbo  Teasel  was  moored  in  the  port  of  Charbourt;,  ftboat  900  jruds 
^Kifrom,  and  heading  toward,  the  shore.  The  depth  of  vulor  noder  the  keel 
^K#thigh  water  was  about  2  or  li  foct.  Steam  was  r^sed  upon  the  nitim 
^K  1><>i''^i^>  ^°^  the  engiuew  were  started  before  making  the  experiment.  Tlx^ 
■'  Srea  and  stoam  were  ho  regulated  that  they  might  continue  to  rnn 
■miforinly  for  some  minutes.  Two  email  propellora  raUed  above  the  hull, 
iu  cotmectiou  with  the  engines,  indicatetl  their  action. 

For  pnrpoeea  of  economy  a  torpedo  containing  51  pounds  of  guu-ootton, 

ith  ;)3  ]>er  oent.  of  water,  was  fixed  to  the  bottom  of  tbn  ship,  S-'i  ftt-t 

the  water-line,  and  abreiiat  the  Itoilera  and   eiigiueis  so   that   itii 

lUwon  might  represent  in  all  respects  that  of  a  Whiteheml  tor[»eilo  upon 

iking  a  vessel  in  this  vulnerable  part.     The  charge  used  was  thought  tu 

te  the  efiuivalent  of  37-5  pounds  of  dry  guu-cottoa,  and  was  adopted  in 

of  the  thin  plating  uf  the  ProUctrice,  so  that  the  effect  upon  it  might 

thft  same  as  that  of  the  full  chargi')  of  a  ^Vhitohead,  61  ■  6  jiouuds,  upon 

plating  of  a  modern  armour-clad. 

At  9  o'clock  the  ship  was  abandoned  and  the  torpedo  exploded.  A 
oolamn  of  water  22  yards  high  was  thrown  up  on  the  side  of  the  vessel, 
which  gradually  heeled  to  about  t>  or  8  degrees.  The  regular  motion 
of  the  indicators  showed  the  engines  to  have  suffered  no  serious  derange- 
ment during  tho  ten  minutes  following  the  explosion.  After  this  time  had 
elapsed  the  observers  returned  on  board,  and  tho  engines  continued  tu 
move  for  Homo  minutes  longer,  when  they  were  stopjied  and  tho  ship 
hauled  ashore.  Up  to  tho  moment  of  thna  touching  tho  luttom  no 
indication  of  the  vessel  sinking  was  apparent. 

At  low  water  tho  ship  was  left  high  and  dry,  so  that  an  examination  of 
the  bole  cauuxl  l>y  the  oxplosioii  could  be  made.  Its  surface  measure<l 
about  65  square  feet,  of  a  generally  regular  form  (U'6  feet  long  by 
4-6  feet  high),  with  ragged  edges,  exk'uding  from  the  bilge  upwards. 
The  inner  bottom  skin  was  broken  iu.  and  many  angle-irons  were  bent ; 
but  the  longitudinal  bulkhead  (virtually  the  third  akin,  with  which 
modem  vessels  are  now  built)  >s  said  to  have  withstood  the  explosion, 
although  it  was  slightly  cracked  and  two  of  Ita  rtvets  were  stripped. 

Fottr  live  sheep  were  on  board  at  the  time  of  the  explouon.  They 
von  apparently  uninjured,  save  by  a  wetting  from  the  eolumu  of  water. 

The  vessel  will  be  docked  and  a  careful  exaniiuatiou  made.  Vrvta  the 
tntnatj  iuspuction,  tliu  engines  have  received  no  Injury,  and  tho  damage 
reoeired  is  local. 

Dvtcripthn  o/ the  Lay  or  WooA-Ilalght  Torjxidt). 

This  turpedo  is  shown  at  T],  LVilT..  where  Figs.  1  and  2  are  longi- 
tudinal vertical  sections  of  tho  torpedo  and  float ;  Fig.  3  a  plan  of  if' ;  and 
Fig.  4,  enlarged  vertical  soodoD  of  JT. 

At  F1.  LXXU.,  Fig.  2,  ia  shown  »  g«D«nl  view  of  Uus  HWf-AavU 
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torpedo,  and  which  is  similar  in  appearance  to  the  Patrick  torpedo  described 
at  page  247. 

The  torpedo  is  circular  as  to  cross-section,  and  it  tapers  toward  the  bow 
and  stem  on  lines  preferably  curved  from  end  to  end  of  the  torpedo,  the 
ends  being  sharply  pointed,  and  the  hull  is  made  of  any  suitable  material, 
copper  being  preferred.  The  interior  of  the  torpedo  is  divided  by  suitable 
bulk-heads  into  a  number  of  chambers  or  compartments,  viz.,  A  the  bow 
compartment,  or  magazine  which  contains  the  charge  of  explosive  material 
or  compound;  B  the  next  chamber  in  order  towards  the  stem,  which 
contains  a  local  battery  for  firing  the  charge,  a  safety  device  in  this  battery 
circuit  that  prevents  the  accidental  firing  of  the  charge,  the  valves  for 
starting  and  stopping  the  engine,  and  the  electrical  devices  for  operating 
the  valves ;  C  the  next  compartment  which  contains  a  gas-heating  and 
expanding  chamber; — D  which  contains  the  storage  reservoir  of  com- 
pressed, liquefied  carbonic-acid  gas ;  E  another  gas-heating  and  expanding 
chamber ;  F  the  cable  chamber  which  contains  the  coil  of  insulated  wire 
by  means  of  which  the  torpedo  is  held  and  guided  from  the  firing 
point;  and  O  which  contains  the  engine,  the  steering  device  and  the 
electrical  apparatus  for  controlling  the  movements  of  the  rudder. 

The  motive  power  used  in  this  torpedo  is  a  gas  stored  in  a  liquid  form 
under  great  pressure,  in  the  flask  or  reservoir  D^  and  from  there  the 
liquid  is  conducted  by  pipes  through  heating  and  expanding  chambers  to 
the  engine  O^  that  drives  the  propeller  0^  that  is  fast  to  the  hollow  shaft 
O^  which  extends  beyond  the  stem  of  the  torpedo  in  line  with  the  axis. 

The  liquid  is  conveyed  from  the  flask  D^  by  the  pipe  D^  through  the 
strainer  d  to  the  throttle  valve  d} ;  thence  to  the  coil  in  the  heating  and 
expanding  chamber  C^ ;  thence  back  through  a  pipe  passing  through  the 
open  pipe  D*  and  through  the  flask  to  the  coil  of  pipe  in  the  other  heating 
chamber  E^,  where  it  is  further  expanded  into  gaseous  form  and  finally 
into  the  induct  or  supply  pipes  of  the  engine  O^. 

The  engine  consists  of  a  series  of  cylinders  grouped  about  a  central  hollow 
shaft  G^  that  bears  a  cam  block,  having  in  its  surface  a  curved  cam  groove. 
Into  this  cam  groove  pins  project  and  bear  against  the  faces  of  the  cam 
in  such  manner  and  position  that  the  rectilinear  reciprocating  movement 
of  the  several  pistons  and  rods  is  translated  into  a  continued  rotation  of 
the  cam  block,  and  of  the  hollow  shaft  that  bears  the  propeller. 

The  gas  in  the  upper  part  of  the  reservoir  or  flask  D^  is  conveyed  by  the 
pipe  H  to  the  throttle  controlling  cylinder  I  and  also  to  the  steering  cylinder 
c7i  its  supply  to  the  former  being  controlled  by  a  slide  valve  t  connected  by 
bell  crank  lovers  to  the  armature  of  an  electro-magnet  and  to  the  cylinder 
J  by  a  slide  valve  j  connected  by  similar  bell  crank  levers  to  the  armature 
of  another  electro-magnet. 

The  gas-heating  and  expanding  chambers  and  their  contained 
mechanism  are  similar  in  all  respects,  and  a  description  of  the  chamber  E^ 
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mil  its  ineclianism  will  Apply  to  both.  The  chamber  £'  is  a  olooed 
cylinder  of  any  suitable  metal,  aa  copper,  made  in  two  or  more 
ptrts  bultod  or  otherwise  fastened  together,  with  openings  throngh  tho 
end  walla  for  tho  passBgo  of  the  several  pipes  of  tho  gas  circolating 
■]nt«u. 

The  pipe  V  is  formed  into  a  coil  within  tho  chitiiiber  E'  in  any  deaito<l 
and  con  veil  lent  form,  and  is  mora  or  less  immersed  la  the  liquid,  snlpUuTic 
aoid  and  wuter,  thiit  forms  part  of  tho  gas-hoatiog  mixtnrc.  To  tho  wall 
of  tlie  chamber  is  attnchc-d  a  limo  tube  formcHl  in  two  or  more  segments 
hingod  together,  bo  that  when  ojn'iied  il«  contents  will  bo  dropped  iuto  tho 
■olntion  in  the  chamber.  The  parts  of  tho  tube  are  held  oloseil  by  a  bolt 
thftt  has  several  orms  each  jtassing  through  the  holes  in  two  or  more  Itigs 
that  aro  fast  to  each  of  tho  body  parts  of  the  tnbo,  aod  tho  latter  is  sprung 
opon,  when  the  bolt  is  withdrawn,  by  tho  recoil  of  flat  springs  that  aro 
placed  within  the  tnbe  and  curved  by  the  cloning  of  tho  parts  of  tho  latter. 
This  tube  is  filled  with  lime  brukcn  into  pieces  of  convenient  size  to  aid 
its  ready  mixing  with  the  acid  solntiou,  and  the  tnbe  is  opened  to  dump 
the  lime  by  the  pressure  of  the  gas  from  the  tube  h*  upon  a  piston  that  is 
movable  in  the  cjlinder  £'  fast  to  the  end  wall  of  the  chamber  E',  tho 
pistim  being  fast  to  tho  outor  end  of  tho  lioll. 

lu  onler  to  nxlnce  tho  preeauro  of  the  gas  formed  by  the  heating 
mixture  the  chambers  C  and  E'  are  provided  with  a  safety  valve  e*  on  the 
pipo  «*  leading  from  the  opening  a'  in  tho  wall  of  the  chamber,  and  having 
a  vent  through  the  shell  of  the  turpodu  in  any  convenient  place,  as  through 
the  l«aca  and  standard  m  of  the  flL>at.  This  safety  valve  is  of  ordinary 
oonstmction,  except  aa  to  tho  pacldng  which  is  formed  by  a  volume  of  oil 
held  in  an  estensiou  of  the  valvo  IxKly,  and  in  this  oil  the  valve  st«m  and 
■{■ring  are  snbmerged,  thus  preventing  corrosion  of  the  spring. 

'i'ho  cable  which  forms  the  cunnectioD  between  tho  torpedo  and  the 
station  from  which  it  is  directed  is  made  up  of  two  insulated  wires,  one 
■erring  as  the  conductor,  for  operating  tho  valves  of  the  starting  and 
stopping  device,  and  Uie  other  Wing  used  to  operate  the  steoring  or 
guiding  devicos.  One  of  those  wires  is  oonnoct«d  to  a  binding  post  of  a 
relay  which  is  connected  to  tho  stooriDg  electro-magnet,  and  the  other  end 
of  thit  wire  is  connected  to  a  pole  changer  at  the  slatiim,  so  that  tho 
annatani  of  this  ms^ot  can  be  moved  to  either  pole  at  will  by  tho 
movement  of  a  key  at  tho  polo  changer. 

Aa  the  annaturo  tilts  to  ono  side  the  slide  valve  j  of  tho  cylinder  J  is 
moved  hu  aa  to  admit  the  motive  power  {the  compreMOd  gas)  into  the  end 
of  the  cylinder  through  a  port,  and  this  forces  the  piston  forward,  moviBR 
tbe  rudder  J'  to  starboard  by  means  of  tho  connecting  rod  that  is  pivolctl 
to  ooa  arm  of  the  frame  of  tho  nidder  post  JK     This  post  is  stepped  iu  a 

ts  &st  to  the  bottom  of  thn  torpedo,  is  widened  in  the  shape  of  a  frame 
KToid  the  hollow  ahaft  (P,  projects  IhrouKh  the  hull  at  an  opeaing 
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clcwel  J  protected  against  leakage  by  an  ordinary  packing  box,  and  anpportB 
the  mdder  npon  the  npper  side  of  the  torpedo. 

Alt  soon  as  this  taItc  j  is  opened,  the  gas  not  only  flows  into  the 
cylinder,  but  passes  from  it  by  means  of  the  pipe  H^  that  leads  to  the  bolt 
tripping  cylinders  of  the  lime  tubes  of  the  seTenJ  gas-heating  chambers,  and 
by  its  pressure  at  once  draws  the  bolts  and  damps  the  lime. 

By  this  arrangement  of  the  parts  this  important  operation  is  performed 
at  will  and  qnickly,  and  is  a  feature  of  this  inTention. 

At  a  conyenient.  point  in  the  line  of  this  pipe  H^  ia  placed  a  ciit-o£f 
Talve  J7^  to  prevent  the  flow  of  gas  into  the  heating  chambers  eveiy  time 
that  the  rudder  may  be  moved  to  starboard  in  handling  the  torpedo. 

By  a  movement  of  the  key  at  the  pole  changer  the  current  is  broken 
and  the  armature  is  released,  which  allows  the  slide  valve  of  the  steering 
cylinder  to  move  to  the  central  position  under  the  pull  of  a  spring  so  coiled 
about  the  extension  of  the  valve  stem  and  so  seated  as  to  be  compressed  by 
the  movement  of  the  valve  to  either  side  of  the  centre.  At  the  same 
time  the  rudder  is  brought  to  a  central  position  or  "  steady "  by  the 
recoil  of  a  spiral  spring  that  is  coiled  about  the  piston  rod,  and  is  seated 
between  a  collar  on  the  rod  and  the  cap  on  the  tube  projecting  from  the 
cylinder  head,  and  the  piston  is  also  returned  to  a  central  position  in 
the  cylinder. 

The  extent  of  play  of  the  rudder  is  regulated  by  devices  within  the 
cylinder  J.  The  piston  rod  extends  a  short  distance  through  the  piston 
and  bears  two  nuts  that  are  movable  on  a  thread  cut  on  the  piston  rod  and 
can  be  set  and  clamped  at  varj'ing  distances  from  its  face.  A  recess  is 
cut  in  the  back  head  of  the  cylinder  large  enough  to  admit  the  end  of  the 
piston  rod  but  not  the  nuts,  and  the  distance  the  piston  will  move 
towards  the  back  head  is  clearly  determined  by  the  position  of  the  set  nuts. 

A  similar  pair  of  set  nuts  are  adjustable  on  the  rod  on  the  front  side  of 
the  piston,  and  a  coiTesponding  recess  is  formed  in  the  back  of  the  front 
head  of  the  cylinder ;  by  these  latter  nuts  the  forward  movement  of  the 
piston  is  determined. 

By  moving  the  key  so  as  to  send  a  current  in  the  reverse  direction,  the 
armature,  valve,  piston,  and  connected  parts  will  be  so  moved  as  to  throw 
the  rudder  to  port. 

Before  this  starboard  movement  is  effected  the  armature  of  the  starting 
magnet  is  ho  moved  by  a  current  sent  through  the  second  wire  from  the 
Ntation  as  to  move  the  slide  valve  t  which  opens  the  throttle  valve  d^  in  the 
MUj)ply  pipe  2)2  from  the  reservoir  to  the  heating  chambers.  This 
movement  allows  the  gas  from  the  upper  part  of  the  reservoir  to  pass  in 
the  tube  H  to  the  cylinder  I  and  through  that  and  into  the  tube  H^  by 
which  it  is  conveyed  to  the  cut-off  valve  H^, 

In  order  to  allow  the  liquid  to  be  forced  into  the  pipe  D^  and  the  gas 
from  the  reservoir  into  the  pipe  H  the  cocks  in  the  plug  L  must  first  be 


opened,  ond  thie  is  dune  by  band  before  the  torpedo  is  Uttnched  at  the 
■tation  or  started  from  it. 

The  firing  bar  or  pin  A'  projoota  from  the  pointed  bow  of  the  torpedo  a 
■bort  distance,  and  it  Las  a  limited  eliding  movement  in  a  tube  A^  that 
•zt^^da  completely  througli  tliu  niugaKiue  from  the  extreme  bow  to  and 
tbrongb  the  cloned  bulkhead  that  separotos  the  mitgiizinc  from  the  next 
eompartmeut.  Thin  pin  is  held  out  by  a  §tout  apriiig  A^  and  when  it  is 
pnahed  inwanl,  as  by  striking  an  object  in  motion,  the  rear  end  of  the  pin 
il  tfaraiit  between  the  two  tonninul  points  and  oonnects  them.  These  potuta 
•n  in  the  circuit  of  the  local  battery.  In  the  firing  circuit  theie  U  a 
specially  arranged  safety  device  consisting  of  a  seoond  break  in  the  circuit, 
which  is  only  closed  when  the  engine  is  actually  running. 

When  the  engine  is  in  operation  the  pushing  iu  of  the  firing  pin 
complcteti  the  local  batter^'  circuit  and  fires  the  fusei  thus  exploding  tlie 
<diarge,  but  when  the  engine  has  stoppetl,  the  safety  break  is  made  in  tlio 
elitmit  and  the  toriicdo  can  lie  handled  with  no  danger  of  tho  aooidental 
czploeion  of  the  charge. 

In  order  to  protect  the  torpedo  from  injury  from  projeotiles  that  may 
bo  fired  at  it,  it  is  submerged  a  aliort  distance  (about  tlireo  feet),  and  is 
held  at  the  desired  depth  by  means  of  the  float  Jf  that  is  neuured  to 
Mtaudards  or  braces  m  rising  from  thu  up])er  side  of  the  torpedo.  This 
float  is  similar  in  ahape  to  the  tor]>edu,  is  somewhat  longer  than  it.  and  Is 
filled  with  cork,  cellulose,  or  a  great  numl>cr  of  iiiflnted  mblier  baga  which 
are  very  buoyant  and  will  not  be  washed  out  of  the  float  even  when  the 
latter  is  pierceil  and  riddled  with  balls.  The  usual  guide  rods  prujiK't 
from  the  npper  side  of  the  float  and  bear  flags  to  indicate  itn  jmailion  and 
direction. 

The  cable  is  ]>ayed  out  from  tho  cable  chamber  through  the  hollow 
propeller  shaft  in  tho  ordinary  manner  as  tlie  torj>edo  moves  away  from  the 
station  or  starling  jioiDt. 

The  float  overhangs  the  ateru  of  the  torpedo  and  tho  proiwll^r  and  thus 
pruventa  the  latter  from  pnliiiig  the  steru  down  and  lifting  tho  bow  out  of 
wut4T,  and  the  drag  w'  fust  to  the  bow  of  the  float  on  the  end  of  the 
vlandanl  in*  aids  in  preventing  the  boat  from  diving,  the  object  being  Ut 
tiisuri;  u  horizontal  position  and  motion  of  the  torpedo  in  action  in  thv 
water.  The  lung  float  serves  to  support  tliu  torpedo  with  tho  charges  uf 
nsplosive  ut  a  depth  below  the  surface  of  tho  water  that  will  make  its 
1 1  plosion  aurely  efiective. 

The  firing  pin  or  bolt  is  shut  out  from  the  magazine  chamber,  and 
the  advantage  of  this  is  that  the  charge  can  be  packed  well  into  the  bow 
uf  the  torpedo  without  dangi'r  of  accidental  ezploaion  which  would  bo 
oauacd  by  such  contact  with  tlie  pin,  if  unoovered,  and  the  wires,  as 
would  form  an  electrical  connection  and  ignite  the  fasc. 
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